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INVESTIGATIONOFJEI’El?l?K!TSONA FLATSURFACEIXXtNS-

OFTHEEXI?J!OFASMUI&IEDmm NACELLEATA

FREE-S!EUUMMACHNUMBEROF 1.39

ByWalterE.BressetteandAbrah8mLeiss

An investigationata free-stresmMachm.miberof 1.39utilizinga
blowdown-typetunnelwasmadeto determinetheeffectsof a propulsive
jeton a zeroangle-of-attackwingsurfacelocatdinthevicinityof
botha chokedconvergentnozzleanda convergent-divergentnozzle.Static-
pressuresurveysweremadeon a flatsurfacethatw% locatedinthe
vicinityofthepropuhivejet.

Y
e nozzlesw&e operatedovera varied

rangeofbothexitstqtic-andto al-pressureratiosatdifferent,fixed
verticaldistancesframtheflatsurface.

Withinthescopeofthisinvestigation,itwasfoundthatshock
#waves,formedintheexternalflowbecauseofthepresenceofthejet
exhaust,impingedontheflatsurfaceandgreatlyalteredthepressure
distribution.An integrationofthispressuredistributionforthe
chokedconvergentnozzle,withthelocationofthepropu~ive-jetexit
variedfran1.747jet-exitdismetersto4.981 jet-exittismetersbelow
thewingsurface,resultedin a positiveincrementalnormalforceonthe
wingatallpositions.

INTRODUCTION

Ithasbeenshownpre’douslythata propulsivejetissuingfromthe
resrofa nacelleintofree-stresmsupersonicfluwproducedstrongdis-
turbanceswhichwereresponsiblefortheformationof shockwavesinthe
freestresmdownstreamofthejetexit.Reference1 showsthat,at a free-
streamMachnuniberof2.02,whentheseshockwavesIntheexternalflow
impingeduponanadjacentsurface,apositivepressurerisewasproduced
andresultedin aninduced14ftontheadjacentsurface.Thepresent
reportis a continuation,in a moredettiledmanner,oftheinvestigation
ofreference1 ata free-streemMachmmiberof 1.39.
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TheinvestigationwasconductedinthepreflightjetoftheL&gley
PilotlessAircraftResearchStationatWallopsIsland,Va. A small-scale
nacellemountedbeneatha flatplatewasusedto simulatea turbojet -

me andwingcombination.Thenacellewasbothverticallyandhori-
zontallyadjusttilewithrespectto theflatsurface.Thenacellewas
operatedwithbothhotsmdcoldexhaustjetsutilizinga convergentnoz-
zleaswellasa convergent-divergentnozzle.

Thedatapresentedwereobtainedovera rangeof jettotal-pressure
ratiosfrom2 to 15ata free-stresmMachnumberof 1.39 andat angles
of attackandsidesllpofOO. TheReynoldsnumberperfootforthetests
wasappro-tely 10X 106.

SYMBOIS

incrementalnormal-forcecoefficient,
(Normalforce).- (Normalforce)f
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x chordwisedistancefromnacelle
in.

3

exit (domstreamis Positive), .

Y spanwtsedistancefromnacellecenterU.ne,in.

a secondaryjet-onwaveangle,deg

Y specifit-heatratio,1.40forair,1.67 forhelium,and
1.27forthehottest

8 primaryjet-onwavesngle,deg

~1 angleofinclinationofa strsightMne betweennacelleexit
andimpingementpointonwingofp- shockwave,deg

Subscripts:

f propulsivejetoff

3 nacelleexit

j* sonicthroat

1. localconditions
r.

n propulsivejeton

o freestream

w

APPARATUS

ThetestsweremadeinthepreflightjetfacilityoftheLangley
PilotlessAircrsftResearchStationatWallopsIsland,Va.(ref.2). A
Machnmiber1.39,27-by 27-inchnozzlewasusedforallthetests.A
photographofthenacellemount~inthetestpositionbeneaththeflat-
surfacewingattheexitofthe27-by 27-inchnozzleis shownas fig-
ure1.

Nacelle

A sketchofthenacellewithitsprincipal
figure2. Alsoshownandtabulat&lin figure2
ponentsofthenacelleusedinthehotandcold

tieIlSiOYM3iS shownas
arethedifferentcam-
tests.

- . -. . - . . . .. . .-. ——.——__ ._ _—. ._. _ _______ _.
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‘Thenacellewasdesignedtoproducea hotpropulsivejet(burning
ofhydrogenandair)ora coldpropulsivejet. Inthehottests,metering
flownozzleswereusedtodeterminethefuelandsirratesandignition .

wasaccomplishedwitha black-powdersquibinccmibinationwitha mag-
nesiumburnoutrestrictionmountedattheexitofthenacelle.Immedi-
atelyafterignition,therestrictionwasburnedandblownfromthe
nacelle.

Thebodyofthenacellehada maximumdismeterof 1.12incheswith
an overalllen@hof 11.65inches.Two@es ofinterchangeablenacelle-
exitnozzleswereusedforthetests,a convergentnozzleprovidinga
sonicedt anda convergent-divergentnozzleprovidinga supersonicexit.
Thephysicaldhensionsofbothnozzlesaregiveninfigure2.

Thenacellewasmountedona hollowstrutwhichservedasa housing
forthefuel,air,andpressuretubesaswellas a supportforthenacelle.
‘Theleadingedgeofthestrutwassweptbackat
trailingedgewassweptbackata 40°angleand
crosssectionasshowninfigure2.

a 25°angle,whilethe
thestruthada hexagonal

Wiig

Thewingusedinthetestsconsistedof a l-inchmaximmnthiclmess
built-upsteelsectionthatcompletelyspannedtheexitofthepreflight-
jetnozzleasshowninfigure1. Thewinghadweldedsupportsthatwere
boltedto theexitofthepreflight-jetnozzle.Theleadingedgeofthe
wingwas2.5incliesinsidethenozzleasshowninfigure3, andapproxi-
matelyone-halfofthetotalverticaldistanteup fromthelowernozzle
plate.‘lhewinghada flatundersurfaceandwasofrectangularplan
formwitha 16.5-inchchordandan8° bevelontheuppersurfacesofthe
leadingedge.

Figure3 alsoshowsthelocationofthenacellewithrespecttothe
wingandprefIAght-jet-nozzleexitforallthe’positionstested.

IIJSTKWENTATION

‘lheinternalstaticpressureofthenacellewasmeaauredforall
teststhrougha O.03-tich-diameterorificeshowninfigure2. AMo shown
in figure2 isthemanifoldedtotal-pressuretubeusedinrecordingthe
internaltotalpressureofthenacelleforallcoldtests.A *150-pound
maximumthrust-dragbalancewasusedtomeasureboththetotaldrag(nacelle
jetoff)andthenetthrust(nacellejeton).
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Thestaticpressureonthewingwas’measuredthrough47 static-
pressureorifices0.06inchindismeter.Thepositionof eachofthese
orificestithrespectto thenacelleexitis showninfigure4.

KNmnelpressuresmeasuredwerethefree-stresmtotalpressurein
thesectionupstresmofthe27-by 27-inchnozzle,andthestresmstatic
pressureonthewall1/2inchupstresmfromthenozzleexit.Allpres-
sureswererecordedbyelectricalpressurerecordersofthestrain-gage
type.A 10-cpstimercorrelai%dalltimehistoriesonpaperrecords.
Shadowgraphs,whichwerephotographedat anexposureof approximately
0.003second,wereobtainedbyusinga carbon-arclightsourceandan
opaque-glassscreen.

lE3TANDMETHODS

Thetestsweremadeata free-stresmMachnumberof 1.39witha
Reynoldsnwiberperfootof a~rodmately10X 106.

Withthearrangementshowninfigure3,thecompletetestfieldwas
withintheMachwedgeofthepref~ght-jetnozzlewiththeupperhalf
ofnozzleflowbeingdivertedby thewing. Foralltests,thenacel.le-
exitcenterlinewasIocataiverticallybelowthecenterhe ofthe
wing. Theonlyvariationbetweenindividualtestswastheverticaldis-
tancebetweenwingandnacellecenterlineatpositionI andthehori-
zontaldistancebetweenthenacelleexitandthewingtrailingedgeat
positionslb and ~, asshowninfigure3. At allttiesthenacelle
wasat anangleofattackand:ideslipofOowithrespecttoboththe
wingsurfaceandthecenterhe oftheprefQ@ jet.

A high-frequency.strain-gagebalancewasusedtomessureboththe
totaldrag(nacellesetoff)andthenetthrust(nacellejeton). The
grossthrustwasthenobtaindbyanalgebraicsummationofthesemeasure-
ments.Framthegrossthrust,thestaticpressureattheexitofthe
nacellewascalculatedby usingthe.one4tbnensional-flowtheoryapplied
tothemmentumequationasfollows:

T= ?’PjMj2s~+Pjsj “Posj

Therefore

T + pos
Dj =

SJ(YMj2+ 1)

s!H&Bwiaw
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A nacellestaticpressurewasmeasured(fig.2) foralltestrunsaswell
as a totalpressureforall.coldtestruns,andthethrustdetermined
fromthesemeasuraentswasusedasa checkonthestrain-gagebalance .
readingsfortheclifferentnacellepositionstested.

Thestaticpressureattheexitofthenacelleforthehot,thesir, ‘
andtheheliumsonicpropulsivejetsisdifferentforthessme~oss
thrustbecausethevaluesof 7 aredifferentforeachofthesegases.
Sincepj varieswith 7 and Hj isnotconstant,a plotofthevari-

tiation‘f Pjpo ‘tithH o foralltestrunsispresentedin figure5.
Figure5 alsoindicatestherangesofpressureratioscoveredinthese
tests.Althoughthenacellecouldbe operatedwitha hotpropulsivejet,
theshortpressure-ratiorangeobtainablefrcmthehotjetplusthe
excessiveheatingofthenacellecmponentsinrepeataitestswascon-
sideredundesirable.Therefore,inorderto expeditetheinvestigation,
a coldheliumpropulsivejetwasusedformostofthetests.A CO~ sir
propulsivejetwasalsotestedforcomparativepurposes.Bothhelium
andairpropubivejetsweretestedatpositionIb (fig.3) to deter-
minewhichcoul.dmorenearlyduplicatethepressuredistributiononthe
wingasobtainedfromthehotpropulsivejet. Fromtheresultsofthese
tests,asdiscussedlaterinthe“jet-on”sectionofthispaper,itwas
deciddtousehelimnformostofthetests.

Theincrementalnormalforceduetothepresenceofthepropu~ive
jetw determinedfromanintegrationofthemeasuredpressuresonthe -
lowerwingsurface.

ACCURACY

~ accountingfortheinstrumenterror
rsmge,theprobableerrorisbellevedtobe

of 1 percentoffull-scale
withinthefolluwinglimits:

P dHj Oandp p. . . . . . . . . . . . . . . . . . . . .> . . . tO.@

Allmeasuredanglesarebe~evedtobe accuratetotl”. Themagnitude
of errorintheforce-balancemeasurementswas*1percentforfull-scale
deflection.Theestimat@erroroftheair-flowandfuel-flowmeasure-
mentswas@ percent.

—



NACARM L55L13 7

RE5ULTSMD DISCUSSION

Jet-OffPressureCoefficients

Themeasuredjet-offpressurecoefficientsPf
sretabu~tedintzibleI andareplottedinfigure6

on
as

distancefromthenacelleexit x D~ forfourspanwise/

thewingsurface
a functionof
positions.The

valueof Pf asobtainedinthesetestsincludesalltheinterference
effectsonthewhg pertainingtothisparticuk investigation.The
chordwi6epressuredistributionsonthewingforpositionsI& Ib,
Ic,and IIb alongthenacellecenterline(fig.6(a))ingeneralare
characterizedfirstby theexpsnsionto a lownegativepressureregion
nesrthevicinityoftheexitofthenacelleandsecondby a pressure
riseto a positivepressurethroughtheshockwaveoriginatingfromthe
nacellewake(fig.7). As thenacelleis loweredfra positionIa,the
lowpressureregionsalthoughmovedfartherto therearonthewingare
ofthesamemagnitude.Inturn,thepressurerisethroughtheshock
wavesalsotakesplacefarthertotheretionthewingandtheprofiles
sregenerallyofthessmeshape,withthefalloffinpositivepressure
increasinguntila cmmnonpressurepointisreachedjustforwsrdofthe
wingtrsilingedge. Thisc-on pointofpressureindicatesaninfluence
onthejet-offpressurefromtheflowovertheuppersurfaceofthewing
similartobasepressureeffectatsupersonicspeeds.Althoughthe
maximumpositivepressmeisof appro=tely thessmevalueforeach
positionalongthenacellecenterhe (fig.6(a)),thereis a gradual
reductioninthispressureat eachpositionasthespsnwisedistanceis
increased.(Compsrefigs.6(a),6(b),6(c),and6(d).) Atypicaljet-
offpressurefieldonthewingispresentedinfigure8.

Jet-OnPressureCoefficients

Effectofjetproperties.-TebulatdintableII (parts(a)to (g)),
aretheexperimentaljet-onpressurecoefficient.Pn obtaindwitha
heliumjetforindividualorifice”locationsat allthetestpositions
investigatedaswellastwoothertypesof jetstestedatpositionIb.
Forreasonsexplain~,inthetestandmethodssection,itwasconsidwed
necessarytousea simplecoldpropulsivejetforthemajori~oftests
inthisinvestigation.Therefore,bothheliumandairpropuhivejets
weretestedatpositionIb todeterminewhichcouldmorenearlydupli-
catethe Pn distributiononthewingasobtainedfromthehotpropulsive
jet.

Presentedin figure9 aretheshadowgraphpicturesoftheflowfield
aboutthenacelleexitfor H.‘pyo = 7 fromthethreetypesofsonic

.—.-. .—-—- . ..--- _— ____ .—..._— -.-——- -——— —-- -——.-——. ——. ——--–-. . . -
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propulsivejetsattestpositionIb. Clearlyvisible,downstreamof
thenacelleexit,ineachofthethreepicturespresentedinfigure9
aretwoshockwavesthatimpingeuponthewingsurfacesndthenare

.

reflected.Theaerodynamicsoftheformationandexistenceofthese
shockwavesisdiscussedinreference3. fikeepingwiththenomencla-
tureofthisinvestigation,thefirstpartofwhichhasalreadybeen

n

publishedinreference1,thefirstandsecondshockwavesdownstream
fromthenacelle@t tillbecalledtheprharysmdsecondaryshock
waves,respectively.

Figure10presentsthechordwisevariationof Pn onthewing
alongthenacellecenterlineandat l.hODjspsawisefrmnthenacelle
centerforthethreetypesofsonicpropulsivejetstestedat Hj/po= 7.
Thechordtiseprofilesof Pn forallthepropulsivejetstestedat
Hj,$o= 7 ~ffer inmagnitudesndpositiononlyintheimmediatevicin-
i~ ofthefirstandsecondPn risesinbothfigureslo(a)and10(b).
Theorificeslocatedapproximate’one Dj behindthefirstandsecond
Pn riseshowessentiallythessmevalueof Pn. ThM,indicatesthat ~
thefalloffin Pn behindtheintersectionoftheshockwavesonthe
wingtakesplaceata similarrate.

b reference3 it is shownthatboth pj/po and y haveaneffect
upontheinitialinclinationoftheproptiiv’ejetboundaryandthis .
boundarytogetherwith Mz distributiondetermines0. h thecasefor
theprimaryshockwave,the Ml distributionforthethreepropulsive
jetstestedshouldbethessmebecsnsethegeomet~ofthecomponents
usedinthetestsisthessme.Thecombinedeffectsofboth Pj/po

and y arevisibleinfigure10,butin orderto separatetheeffects
oftheseparametersa plotofthevariationof Pn @th Hj/Po ispre-
sentedinfigure11fortheorificeslocated& 2.43Djbehindthenacelle
exitforthethreepropulsivejetstested.Thegeneraltrendofthe
curvesinfigure11showstheeffecton Pn fromthemovementofthe
primaryshockwavewhen Hj/po ‘s‘me-d” ‘en Hj/po ‘s‘ncre-ed
ata constantvalueof 7 (for Mj = 1) pjPO willalsoincrease.As
Pj/P. isincreased, [Elwillincreaseandt e pointofintersectionwith
thewingwillmovetowardthenacelleexit.Theresultofthisforward
movementoftheimpingementonthewbg oftheprimaryshockwaveis
showninfigure11by therapidPn riseatthestationaryorificeposi-
tionwhentheshockwavepassesover. This Pn riseapparentlybegins
at a lowervalueof Hj/po forthehottestsandisprogressivelydel.qml
intheairtestandheliumtest.Alsoshowninfiguresn(a) andn(b)
istheprogressivedecreasein Pn

/
at a constantvalueof HjP. for

—.

.
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thehotjet,sirjet,andheliumjet. Thesesignificantdifferences
in Pn witha variationora constantvalueof Hj/Po forthethree
typesofpropulsivejetsindicatethat 0 isprogressivelygreateraa
thevalueof Pj/Po isincreasedandalsoas 7 isdecreased.This
trendis alsoshownbytheoreticalcalculationsinreference3.

h orderto eliminatetheeffectson Pn duetotheincreasein

pj/po ( jJ
whiledecreasing7 p PO increaaesproportionallywitha

decreaaein 7 when Mj = 1)a plotofthevariationof Pn @th Pj/Po
ispresentedinfigureI-2fortheorificeslocatedat2.43Djbehindthe
nacelleexitfromthethreepropu~ivejetstested.Thesmallerdiffer-
encesin Pn visibleinfiguxeU’ ascomparedwithfigurell”indicates

b
thata variationof pj o isthemainreasonforthevsriationofthe
prharyshocklocationonthewinginthesetestsandthattheeffect
of y isof secondsryorder.

Thegeneraltrendofthec~es aspresentedinfigure13shuws
theeffecton Pn fromthemovementofthesecondsryshockwavewhen

Hjpo isincreased.M Hjpo isincreaaed,thesecondaryshockwave,
whichisformedinthepropulsivejetstructure(ref.3),movesdown-
streamasshowninfiguxe13by therapidPn dropatthestationary
orificepositionwhentheshockwavepassesover..This Pn dropbegins

P
at a lowervalueof Hj o fortheairjetthanforboththehotjetand
theheliumjet. AESinthecaaeof.thep~ shockwave,MZ sswell

Iss HjPO and 7 willdeterminetheintersectionpointonthewingof
thesecondaryshockwave.However,unliketheconditionsof equalM2
infrontoftheprimaryshockwave,the Mz distributioninfrontof
thesecondsryshockwavewillbeinfluencedby themixingofthepropul-
sivejetandfreestresmattheirinterface.Aplot of Pn against

I
Pj P. willnotisolatetheeffectof pj atthesecondsryshockwave
asitdidinthevicinityoftheprimaryshockwave,becausethevalues
of Pn infigure13arenotinthessmesystematicorderwiththevari-
ationofboth Hj/Po d 7 astheywereinfigure11. Therefore,
alo&’fiththepossibleexpectedeffectsofboth H~/po.and 7 on Pn
fromthesecondaryshockwave,thedataindicateby inspectionthatthere
isa variationof Pn froma chsngein MZ distribution.

A lightgas,suchasheliwn,hashighsonicvelocitiescomparable
to thoseof a hotjetandtheduplicationoftheeffectduetomixing
onthe Ml distributionshouldbe closelyapprodmated.Thelimited
comparabledatabetweenthethreetypesofpropu~ivejetstestedindi-
catethistobe soinbothfigures10and13withtheresultingPn

L 3t
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distributionfromthesecondsryshockwavein closesgreaentwiththe
hotjetwhena heliw jetisused.

Fromtheresultsasindicatdinfigures10,11,I-2,and13,a
reasonableapproximationof a hotjet’sinfluenceonthewingpressure
distributioncsmbe obtainedby theuseofa coldheliumpropulsivejet.
Thiscanbe doneby plottingthe Pn profilewith Hj/po andthen
correctingtheprofileforthemmzlnmmforwardpositionoftheprimary
shockwaveframthevariationof 0’ ~th Pj/PoIaspresentedinfig.
ure 14.

Effectofnacelleposition.-Ihfigure17,thechordtisevariation
of Pn isplottedatfourspanwisepositionsa8a functionofdistance
fromthenacelleexit x/’DjfortestpositionsI- Ib,and Ic at
Hj/Po of7= Thereare”tw6separatepositivepressurerisesonthewing
at’eachpositioncawedby theinteractiononthewingofboththepri-
_ ti theseconm shockwavesvisibleinthejet-onshaduwgraph
picturesinfigureti. Figure15showsa reductionh themaximumposi-
tivepressureanda rearwardmovementofthecompletepressureprofile
asthenacelleis loweredinpositionaswellasa generalreductionin
pressureateachpositionasthespanwisedistanceisincreased.This
reductionateachpositionasthespanwisedistanceisincreased,aa
wellastheimpingementonthewingofboththeprimaryandsecondary
shockwaves,is shownin a sketchofa @_picaljet-onpressurefieldon
thewingpresent&!infigure17.

Presentedinfigure18isthechordwisevariationof Pn alongthe
nacellecenterlineforpositionsIb ti ~b at Hj/po=7. fifi~-
ure 18bothpositivepressurerisesonthewinga~ear“totakeplace
foreachpositionatthesamedistancedownstreamofthenacelleexit
indicatingthatboththeprimaryandsecond- shockwavesareduplicated
at eachposition.Thesmallvariationin Pn atscmeofthelocations
indicatestheeffectsofdifferentwtngsurfaceconditionsbecsusePn
forthetwopositionsatthessmevalueof x Dj wasmeasuredatdiffer-/
entlocationsonthewing. Alsovisibleinfigure18istheeffecton
Pn fromthelocationofthewingtrailingedge.Thevalueof Pn behind
thesecondaryshockwaveforpositionIIb fallsoffmorerapidlythan
itdoesforpositionIb untila similarvalueof Pn isobtainedat
an equaldistancefrm thewingtrailingedge.

EffectofjetexitMachnumber.-Jhfigures19(a)to 19(e)ispre-
sentedthechordtisevariationof Pn alongthewingcenterline,at
testpositionIb forboththesonicandsupersonicnacelleexits,at

PHj o of4, 6, 8, 10,andU. KIJsoincludedinfigure19are
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shadowgraphpicturestakenatthesessmevaluesof Hjf’po.Ingeneral,
the Pn profilesforboththesonicendsupersonicnacelleexitsare
similarinthattheybothnormallyhavetwopositivePn rises.Note
infigures19(a)to 19(e)theupstresmmovementofthefirstpositive
Pn riseforboththesonicandsupersonicnacelleexitsas Hj/Po is
increasd..Thisindicatesthat f3 isincreasingforboththesohicand
supersonicexitswhen p p3/o ‘s‘ncremdbyticre=- Hj/po”

Thefirstrisewhichis causedbytheintersectiononthewfngof
theprimaryshockwave,visiblein allofthepictures,beginsfarther
forwsrdonthewingandishigherforthesonicexitthanforthesuper-
sonicexitatthe.,ssmevalueof Hj/po.Withaniqcreasein Hj/PoYthe
secondaryshockwavemovesdownstreamforboththesonicandsupersonic
exitatwhatappesrstobe nearlythesamerate.

Otherdifferencesbetweenthesonicandsupersonicexit Pn plots
offigure19 (bestexamples,19(d)and19(e))arethemoregrsiiualfall
Offin Pn behindtheprimaryshockwaveforthesupersonicedt than
forthesonicexit,andthemorepronouncednegativePn valuesin
frontofthesecondaryshockwaveforthesonicexit.

Inreference3 it isshownframcharacteristiccalculationsthata
jetboundaryincreasesin sizewithanincreaseinnozzledivergence

P
angleatthesamevalueof pj o. Therefore,it couldbeexpectedthat
thesupersonicnacelleexitinthesetests,witha nozzledivergence
angleof appro-tely 5°,wouldcreateatthessmevalueof ~j/po a
lsrgervalueof El thanwouldbe obtainedfromthesonicexit.-’Another
variablethatmightchangee atthesamevalueof pj/po inthese
testsistheeffectofbaseannulusarea. Thismight&countfora
largervalueof e forthesupersonicexitthsmforthesonicexit

1
becauseD-j~ isgreaterforthesupersonicexitthanitisforthe
sonicexit.Theeffectof eitherorbothnozzledivergenceangle&xl
baseannulusareaon Pn

P
atthesamevalueof pj o csnbe seenin

figure20by observingthevalueof Pn fortheorificelocatedat

/
X Dj = 2.43 forboththesonicandsupersonicexits.A valueof Pn
ofapproximately-0.086wasobtain~forthesonicat whilea value--
Of Pn Of
~iS shows
sonicexit

approximately0.124wasobtainedforthesupersonicexit.
thatfora givenvalueof p~ o, (3 is largerforthesuper.

P
andintersectsthewingupstreamoftheorificelocation.

.



12

ShockWaves
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Fromtheshadowgraphpicturesin conjunctionwiththemeasuredwing
pressuredataoverthenacellecenterline,itwaspossibleto locate
thepointofimpingementoftheshockwavesontheflat-surfacewing.
Inthejet-offcase,therisein Pf infigure6 indicatestheinter-
sectiononthewingofa possibleshockwave,buttheshsdowgraphpictures
aapresentdinfigure7 arenotdefiniteenoughto establishanangle
measuraent.Inthejet-oncaseforthesonicexit,twoshockwaves
impingedonthewingasshownbythepressurerisein figure15andthe
shadow~aphpicturesinfigure1.6.Jntheshadowgraphpicturesforposi-
tion Ia (fig.16(a)),it canbe seenthatas Hj/Po isincreasedthe
primaryshockwaveanditsaccompanyingreflectdshockwavefromthe
wingisrapidlychangingshapeuntila nearlynormalshock-wavecondition
isvisibleintheshadowgraphpicturefor Ej/Po= lk. Thisrapidchange
oftheprimaryshockwaveanditsaccompanyingreflectedshockwavefrom
oppositeob~queshockwavesto a conditionofa singlenearlynormal
shockwaveisnotvisibleineitheroftheseriesofshadowgraphpictures
presentedforpositionIb and Ic (figs.16(b)and16(c)).ti chap-
ter4 ofreference4, a discussionontheanalysisofthereflectionof
an obliqueshockwavefroma rigidwallindicatesthatiftheMachnumber
behindtheobliqueshockwaveisof sucha lowvaluethata reflecting .
shockwaveisnotpossiblethentheonlyshock-wavepossibleatthewall
is a normalshockwave. InthecaseforpositioaIa,theproximi~of
themadmumdismeterofthepropulsivejettotheundersurfaceofthe

.

wingcouldbe restrictingtheflowto suchan extentthatthereqpired
pressureriseinthefreestresmmustbe generatedby a strongershock
wavewhichbecomesnearlynormalforthehighjetpressureratios.

Becausethejet-onshockwavesdidnothavea fixedorigininthese
tests,theangularvariationbetweenthewingsurfaceanda straightLine
drawnalongtheshockwavewasmeasuredrepresentingtheangularvaria-
tionbetweenthenacellecenterlineandtheshockwsme. Theprimsry
jet-onwaveangle,0, aspresentedforthepresenttestsinfigure21
waaobtainedonlyfromtheshsdowgraphpicturesfortestpositionsIb
and ~. Figure21 showsthat f3 forthesonicexitfromthepresent
testsvariedfromapproximately4-4°at p~/po= 1 to approximately49°

at Pjpo =4 andthenseemsto levelout. Thislevelingoutof e
appear’sto occursimultaneouslywitha chsngeintheshapeoftheprimary
shockwavefrofna pureobliqueshockwaveto onehavingtwolegsatthe
nacelleexit(figs.16(b)and16(c)).Afterthebifurcatedobliqueshock
waveisformed,thena furtherincreasein pjpo onlytendsto increase
theanglebetweenthelegsandcause.thelead&glegto formfartherup
onthenacelleboattail. .



NACARM L55L13

Thesecondaryjet-onshockwaveforthesonicexit,althoughmcWng
fartherdownstreamwithanincressein HjPO/( fig.ti),appeardto
havea constantwsveanglea of approximately47°.

Alsopresented‘h figure21 arethemeasurementsof e and a as
obtainedat ~ = 2.02 frrxnreference1. As canbe seeninfigure21,
both 0 and a decreasedwithanincreasein ~ ata constantvalue
of Pj/Po tio@out tiecomp~ablerangeof Pj/Po obtainedinboth
tests.

Whenusingthepressuredatapresentedinthetablesto estimate
lift,itisnecessaryto locatetheapexforboththeprimaryandsecond-
aryshockwavesatthenacellecenterWe. Fromthisapexlocation,
approximateintersectionsofbothshockwavesonthewingcanbe deter-
minedfrana simpleconicalprojection.Therefore,thevariationof
pj/p. withtheangleofinclinationofa linedrawnfrcmthepointof
intersectiononthewingofthepr- shockwaveto thenacelleexit
ispresentedinfigure22forpositions~ Ib,and ~. Figure22
sgainindicatesa MfferenceintheprimaryshockyaveatpositionIa
frambothpositionsIb and & asdiscussedpreviouslybecause0‘
variessimilarlyforpositionsIb and l& whileforposition~
thereisa distinctclifference.

Ihfigure23ispresentedthevariationofthepointofintersection
onthewingcenterlineofthesecondaryshockwavefmm thenacelle
exitwith Hj/po forpositionsIaj Ib,a?ldIc. me meaSUrementf3h
figure23 canbe usedin conjunctionwith a aspresentedin figure21
todeterminea goodapproximateintersectiononthewingofthesecond-
aryshockwme by a simpleconicalprojection.

~crementalI?onnalForce

Aspreviouslydiscussedinthejet-offsection,Pf asmessured
inthesetestsmustincludealltheinterferenceeffectsonthewing
pertainingto thisparticularinvestigation._It canbe expectedthat
thesessmejet-offinterferenceeffectscombinedwiththeeffectsfrm
thepropulsivejetwillbe includedinthe Pn measurements.There-
fore,to isolatetheeffectsofthepropulsivejetanincrementalpres.

(surecoefficientPn - Pf)wasobtained.Itseemsreasonablethatthis
incrementalpressurecoefficientcouldbe appliedto estimatethepro-
pulsivejeteffects
whentheconditims

ondifferentmissileand&&planeconfigurations
forthepropulsivejetarethessme.

-——.... .-. .— . ..— —-—— . .. —. —--- ———... .— ——. —.-———--------——-
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b ordertodeterminewhetherPn - Pf wouldremainthessmewhen
Pf wasdifferentforthessmepropulsivejetconditions,a testwas “
performedatposition~. k canbe seeninfigures6(a)to 6(d),the
Pf profilesonthewingaredifferentforpositionI%
forpositionIb. Alsoasshowninfigure18,theaxial
forposition~b isdifferentfrcmtheone”obtainedfor
buttheaxialPn - Pf profileaspresentedinfigure24
thesepositionsisforallpracticalpurposesthessme.

than theyare
Pn profile
pOSitiOnIb,
forbothof

Themajorsignificanceof
thattheprofilesof Pn - Pf
canbe usedtodetermineMN
anypositionlessthan x j =P
tionofthispaper,thepoints

theplotin figure24isthatitindicates
fromthesetestsateachverticalposition
ona surfacewiththetrailingedgeat
11.4.Asmentionedintheshock-wavesec-
ofintersectionon a surfaceofboththe

pre andsecondszyshockwavescanbedeterminedata givenvertical
distancefromthenacellecenterlineby a simpleconicalprojection.
Oncetheseintersectionsarelocatedthevaluesof Pn - Pf fromtableIII
atthegivenverticaldistancecanbe fittedtotheintersectionsandthe
profilesterminatedforanyvalueoftrailingedgelessthan x/Dj= 11.4 ,
beforeintegratingfor MN.

b figure25 ispresentedthechordwisevariationof Pn - Pf at
twospanwisestationsforpositionsIa, Ibjand Ic at Hj/po= ~.
Whenjet-onandjet-offwingpressuredatawereccmibinedto Formthe
incrementalpressuredata,positivePn -Pf resultedimmediatelybehind
theintersectiononthewingofthejet-onprtisryshockwave. This
positivePn - Pf graduallydecreasesuntilitbecomesnegativeupstresm
oftheintersectiononthewingofthesecondaryshockwave,risesina
positivedirectionthroughthesecondaryshockwave,andthenbecomes
morenegativeagaintotheendofthewing. Aswasthecasewiththe
Pn profilesforthessmeverticalpositions,themaximumvaluesof
Pn - Pf grsduallydecreasebothasthenacelleis loweredinposition
(fig.25(a)) andalsoasthespanwisedistanceis increasedatthessme
position(figs.25(a)and25(b)).BecausethedatafrcmtableIIIwere
obtainedby usingheU.um,itisnecessaryto correctthedatafora
changeintheinclinationoftheprimaryshockwaveduetothehigh
valueof 7. Thedottedlinesinfigure25representa correctionof
thedataobtainedwithheliumto a valueof 7 ofshot jet(1.27).
presentedinfigure26 is a @ical_chordwiseandspanwisevariation
Of Pn - Pf.

Showninfigure27isthevariationof
COeffiCi~t~N> basedon Sj>~th Hj/Po

incrementalnormal-force
fortestpositionsI-

.



the Pn - Pf profilesfor
MN representsthechange
propu~ivejet. Positive
a gradualpositiveriseas
valueofapproximate~6.

XPS=11.4correctedto a 7 of 1.27;
innormalforceduetothepresenceofthe
MN resultedateachofthepositionswith

I
HjpO isincreasedfroma valueof2 to a
AS Hj/Po isfurtherincreasedto a value

of14,theincreaseof MN firs;becmesmorerapidateachofthe
positionstithpositionIa subsequentlykve~ OUt,pOSitiOnIb
tendingto levelout,andposition~ appesringtobe unaffected..It
is obviousfrcminspectionoffigures~ and26thatthepositivePn . Pf
behindtheintersectiononthewingoftheprm shockwaveisrespon-
sibleforth”epOSitiVeVahX?Sof MN. Itcaubeexpectedthatas Hj/Po
iS increasedthiSpOSitiVe Pn - Pf till.alsoincrease,becausethe
inclinationoftheprimaryshockwavewillincreaae.However,withan
increasein Hj/po,thenegativePn - Pf is alsoincreasing.Thecom-
binationofbothincreasingpositiveandnegativePn - Pf - %/Po
is increasedresultedintheleveHngoutof
forpositionIa andthenforpositionIb
tinuedto rise.

Thecalculatedgrossthrustcoefficient
sentedin figure28 as it varieswith H.j/po.
havinga 7 of 1.27.Showninfigure2gis
with Hj/po atpositionsIa, Ib,and Ic

~ infigure27f%st
whileposition~ con-

CT$basedon Sj,ispre-
fera sonicpropulsivejet
thevariationof ACN/CT
forthesonicexit.The

incrementalnormalforceto thrustratiodecreasedrapidlyfroma mad-
~ of2.9 at Hj/Po= 2 fortestposition& to aiminhnumof0.55

1
at Hjp. = 6 fortestposition~. Thedifferenceinthe~iation
of LL!N/CTwith Hj/po is consistentwiththedifferenceh thevari.
dbn o-fMN with‘Hj/pofortestpositions
CT isa co~t~t for~ @v~ Hj/Po atany

% ‘b>~d Ic since
position.

CONCLUDINGREMARKS

Withinthelimitsofthepresenttestsconductedin a Machnum-
ber1.39,freejetof a small-scalepropulsivejetoperatedwithboth
a chokedconvergentnozzlesnda convergent-divergentnozzlelocatedin
thevicinityof a flat-surfacewing,theresultsmsybe sumnarizea.as
fOllows:

-,

— ... —.——.,_______ 7. ——-. ——.—.
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1.Shockwaves,formedinthe
ofthepropulsivejet,impingedon
alteredthepressuredistribution.

externalflowbecauseofthepresence
theflat-surfacewingandgreatly

.

2.An integrationofthispressuredistribution,forthechoked
convergentnozzle,withthelocationofthepropubivejetexitvaried J
frcm1.747proptiivejetexitdiametersto4.981propuMivejetexit
diametmsbelowthewingresultedin a positiveincrementalnormalforce
onthewingatallpositions..

3. Thepressuredistributiononthewingwasalterdwhena convergent-
divergentnozzlewasusedbutnotasseverelysswhena chokedconvergent
nozzlewasusedoverthesamerangeofpropulsive-jettotalpressureratios..

4. Aheliumsonicpropulsivejetcanbe usedtoapproximateclosely
thepressuredistributiononthewingfrmna hotsonicpropulsivejetat
thesamevalueofexittotalpressure,pr~d~ thatthemaximunforward
positionoftheimpingaentonthewingoftheprimaryshockwaveis
correctedforthevariationin exitstaticpressuredueto thedifference
in 7 betweentheheliumgasandthehotexhaustgas.

LangleyAeronauticalLaboratory,
NationalAdvisoryCmmitteeforAeronautics,

LhngleyField,Vs.,Noveniber29,1955.
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.052 .o~ .Ofl
.049.@

:% -:S?&-.033
.o~ .m
-.m -.lce-.lm
-.op-.0$?-.@?
o 0 0

-.o~
:%
.059
.Q52
.057
-.om
.064
--07’9
-.=
o
0 0 0 0 00 10 10 10

D.764.17
4.17
4.17
4.17
4.17
4.17
4.17
4.17
4.17
4.17
4.17

-.(N8-.W3-.o17-.@
-.col-.oq)-.~ -.U
-.om-.o11-.o11-.@
-.cw-.@q’-:ml&yg
-.W .W5
.Olh-.026-.oy3-:Q2-7
-.c6J1-.042 .0% .057
-.qo -.qo -.o’p-.69
.O1o .010 .O1o .aLo
.020 .CEu .020 .=
-.OI.O-.o1o-.o1o-.o1o

-m
-.olg
-.0%
.Ow
-.075
-:xg

-:m@J
.oa
-.o1o

--m
-on
-.OI.7
.o13
-.07’6
-.(E2
.on
-.6
.O1o
.020
-.o1o

-.030-.034
-.005
-.034
-.OD
-cm
-:$2
.O1o
.Om
-.OIJJ

-.040
-.030
.lm3
-.W
-.075
-.o.17

-:3
.m.o
.Om
-.o1o

-.048
-.cel
.012
-.1o2
-.073
--OJ5
.(M2
.037

:%
-.OIQ

-.047
-.o15
.OIE
-.102
-.073
-.013
.096
:~o
.13zl
-.o1o

--m
-.003
.017
..1CZ2
-.072
-.OM
.099
J37
.010
.&20
-.o1o

--032
.(334
-.W5
-.m
-m
-.o1o
SE&
.010
.(X?O

-.o1o

-.ce2

-i%
-.1o1
-.I%9

-:%’
de-o
.O1o
.ccw
-.OI.O

-.027-.olc
-.o17
--w
-.o1o

-:%
-Jm
.O1o
.020
-.OI.O

7.63
6.59
5.55
4.51
:.;;

1:39
-35

-.074.o~
-.039
-.014
-.009
-.ola
-.060
0

.0.76
%
6.%
6.94
6.94
6.9+
6.94
6.5it

-:%

-.004
-.040
-.UJ+
-.142
-S&l
o

-mm-.003-.037-.m -.@l
.O1o-m .Olxo
-.m2o -.o15-.0$0:.045
-.OX-.035-.W5-J@ -.03
-J52 -.150-~ -.M% -.69
-.142-.140-.141-.141-.140
-.C6J-.ti-do -.@ -.&
o 0 0. 0 0

-.olk

-:25
-.oy3
-.0+0
-.141
-.otb
o

-.007
-:%
-.@
-.030
-.140
-.f%o
o

-:%

-.047
--w
-.024
---3
-.060
0

-cm
-:%
-.023-.olg
-.E5
-.OEJJ
o

-.m7

-:$
-.a22
-.o17
-.lm
-.(60
o

-.@l
Zf7J
-.o16
-.OSL
-.035
-.@
o

7.63
6.59

::??
3.47

-.CE6
-:F2
‘.030

-.o14
.056
-.W’
-.ojxl

.0.76 -.IM
-.m
-.052
-.030

-.lm-.U25-.097-.c67-.@la
-on -.om-.0’75-.075--on
-.052-.052-con :-o% --052--052
-.030 -.W --m

-.021

-:%
-.030

-.olg

-:%%
-.030

11.11
11.11
11.11
UL.11

M
7.63

I I I I I I

a
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TAB13II.-Lbntirmea

vAIJJmoFJET—aim3esJxECOEFPIC=SFORALLHI?J3ORIF~

msmm Pm!lmALmEmJRERATIa30F2To15

(c)He31m.attest~iticm1= (ah exit)

21

OrMica
alwl!ates Pre8aurecc8&fickl’tsfcunamlle-adttotnl-presmueratioEJpO& -

‘PJ YPJ 2 3 4 5 6 7 8 9 m n “ = 14 =
.0.76O.m-0.027-0.CG5-0.024-0.024-oSE6-0.027-0.023-o:SJ2_J-O.(E8-0.0334.042-0.040-0.035-0.032
9.72.~ .=7 .=7 .W .02’7.027J=7 .~
8.68ml

.Oy .(AO.048
:2 Q& Jz& J3J S& m3 .~z .W3 :% :% :% .097

7.63.(x)
.104.I.lxl

.071.083.Cq5.~ .m -.& -.070-.ql-.070
6.59.(x).Op .0$ .CY32.d39.059-Jx5-.023-.023-.023-.W3-X@ -.023-.W3-.m

.Cn .&.o.@ .0360
;:g .a)

.m .WJ .~ .o13
:% .072.078.082.U?a

.o15.01-(.019.Crzl.@
-.o~ .@ -:$ -:%7” .0+ IO&3.l~ .105.I.@

.
2.43
1.39E ?2 :2 ::% %?: % % % :% %! <% ::% % <%? <%

-.M -.lm-.028-.@ -.o&J-.ti-o@ -.@ -o@ -.OCB-.OM-.@ -cd -.C&!
-:8 :% .O1o.O1o.O1o.O1o.O1o.O1o.010.010.O1o.O1o.O1o.O1o.O1o.O1o

0.761.40-.~ -.034-.q -.oy3-.@l-.OX-.c&-.CQ5-.W -.dlk-.044-.040-.034-.c2g
9.721.40.CQ4.@ .CQ1.Oa :g Xr& .C@o .Olk
8.691.40.*7

.Olg.~ .040.0%9
.&7 .044.04g .039.051:% .072.082

7.631.40.056.& .059.041.@ .q5 .087.* .0%-.053-.C62-:%
6.591.40

-:% -:%
.Q32 .057.@ -073.m -:% -:@&-:Jx&-:JXJ-.~~-.@ -.@ -.023-.=

5.551.40.044.& .a)3.m .W .o17.Olg.CQ1.@ .Cd
4.511.40-.(2=$6-.038.m. .~ .m .m .W .m .ti -= .~” .1.1o-m .~
3.471.40-.U9-.U9-Jig-.U9-.ng-.llg-.11o-.W -.0X3.075.~o .l.w.17g.1%
2.431.40-.049-.049-.C49-.049-.&g-.QY2-.052-.052-.032-.052-.054-.@5-.056-.a
l.p 1.40:.027-.cq-.q -.CQ7--.027-.ccq-cm -.027-.027-.027-.027-.027-.CQ7-.02-7
.~ 1.40-.o1o-.o1o-.o1o-.OI.O-.010-.o1o-.o1o-.o1o-.o1o-.010-.o1o-.o1o-.o1o-.o1o.
..691.40.Cm .O1o.O1o.O1o.010.Cm .010.O1o.O1.o.03.0.O1o.Oll).O1o.Cno

.0.7’64.17-.CC6-.om-.o.1o-.013-.018-.o111-.C41-.05-Jxq-.0 -.010-.ooi.CCq.015
9.724.17-.(J34-.og-.o13-.ckzl-.OX-.@%-:o&7-.@ .mg .Olg.Q5 .022-.o17-.@)
8.684.17-.010-.00$-.015-.o17-.CX33& -.m -.WJ-J.@-.~ -.~ -.~ -.m
7.634.17-.oq5.003.O11.mo-.QXJ -.& -.0s1-.C&l-.Q39-.C59-.038-.(57-.057
6.594.17-.005.005-.oyl-.m -.024-.o17-.o16-.OI.6-.o14-.o11-.009-.007-Xx%-.@%
5.554.17-.076-.W6-.057.W .023.030.036.* .@J+.047-m .052.055mJ5
4.514.17-.o~-.07g-.q9-.qg-.qg-.qg-.qg-:% -:@Jo .059Jm J=
3.474.17.@% .ti .@% .0i?3.W1 .Cu3.C@ .m3 .003.m3 .OcQ.W2
2.434.17.O1o.O1.o.O1o.O1o.Om .O1o.O1o.O1o.Ou .O1o.010.O1o.m .O1o
1.3 4.17.om .O1o.O1o.O1o.010.O1o.O1o.O1o.O1o.O1o.O1o.O1o.O1o.O1o
.% 4.17.(32O.m .@o .Crio.Om .020.m .020.m .Cm .W .020.CQo.om

D.@ 6.94.OID.Oog.@% .Cn4.O@ .ml .0c4.022.054.(%9.072.073.073.072
9.726.94.034.Oq-.CJ34-mm .On .045.@@ .049.@o .@o .C4g.048.m .Cw5
:: :.9$0 -.olg-.019-.CQO-.o18-.OI.6-.0X2-.mg-.m -cd -.G+33-.m -ml

::% -:% -.*
6:59::*

-.035-.015-.~ -g .CJmJX& -:% -:~ -a .@5
-.070-.070-.m -.OP-.qo -.07’0 .012 :%!

t? 6:% ::Z ::$ ::Z ::% ::% :%% ::% ::E ::E ::% ::E “I!:::% ::%
3.7 6.$Ao 0 0 0 0 0 0 0 0 0 0 -.OI.O-.o1o-.o1o

O.fi11.11-.@ -.U33-JX33-cm -.069-.U32-.033-.o16-.W5-:g .@% -cm .012.o14

-.% ::% ::% ::% ::% ::% ::% x% -.C40::g 1:2 -:% -:%J
9.7211.11-.056-.
8.6811.11-.042
7.6311.11-.040-.040-do -.040-.040-.dm-.040-.040-.040-do -. -. -.

—-— —--.-— —-... — —. -—— --——— -.—.-. —.
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TABmII.-Cmtimled

vAplE2OFm-m mmsoFwcaEFFIcImTsFcRALLWIr?3OsmIcs

FOSlli?IOHHFt!R~IMTIOS OF2TOI.5

(d)HeliumatteEt~siticalIIb(SOIliCtit)

CM
oral

?1.s0
LSteE

4 6 8 14w— 2 3 s i’ HIM! 13 15

8.ti
7.6;
6.5:
5.55
4.51
3.47
2.4;

-0.024

:%.03s
-.ak
.064

-:%
-.02C
-.OX

-0.ox
.02-$
-:%
-.00!

.C6E

0.0(
..a
.CK
.0(
.W
.a
.(x
.m
.m
.Oc
.Ct
.Oc

-0.oz
.ox
.06(
.o~
.@:

-:%
-.lif
-.OX
-.oa
.Wo

-o.@
.o~
.C61
.m
:Z

-am
-.126
-.020
-.ckxl
.m

o

-.W
.017
.046
.077
:%
-.W3
~:~

o
0
0
-.@
-.03.2
-.OIQ
,OIE
-.109
-.=5
-.026
.021
.O1o
.0a3
-.o1o

.(x%

.o~
-.@
-.097
-.094
-.1o1
-.63
0

-.m
-.030
-.044
-.0Y3I
-

-0.026
.034
.C63
.On
.1o1

-:%
-.124
-.om
-.02Q
.W
o

-.029
.017
.047
.069
.Cm
.o~
-.09
-.1o4
-.cr24
o
0
0
-.CQ8
-.o11
-.@
.m3
-.1OI.
-.ti
-.026
.021
.010
.m
-.o1o
.Og

-:%
-.@@
-.0s4
-.1o1
-.I%J
D

-.073
-.oy3
-.C44
-.oy3

-0.027
.o~
.C63
.059
.U3
.o%
-.G91
-.=7
-.020
-cm
.W
o

-:@&
.047
.@%

:27
-.W9
-.104
-.1324
0
0
0

-.020
-.W
.Cd
-.olg
-J%7
-J.%
-.CQ6
.021
.O1o
.Oxl
-.o1o
.0J3
.0Q7’
.ci35
-.Ilx
+J
-.om
o

-ml
-.030I
-.04A

J
-.op

-0.026
.042
.042
.079
-.010
.043
.014
-.=
-.m
-.m
.@%
o

-.oa9
.-
.oy3
.C86
-ml

-:%
-.104
-.@
o
0
0

-.023
-.C05
.003
-.&o
o
-.L26
-.026
.a21
.O1o
.om
-.o1o
-.o11
.CX37
-.057
-.lm
;:%
-.@50
o

-.0$9
-.oy3
-.(YJ4
-.@

-0.cr?l

%

-:%
.032
.16
-.las
-.oa
-am
.W5
o

-.CQ2
.Cra
.041
.109
-.CC4
.cf52
-.046
-.UM
-.@
o
0
0

-ax
-.003
-.048
-.ola1

-:Z
I

1

-.CJ?6
.a?l
.Q3
.OxJ
-.OI.O

-ax
.0Q3
-.oa
-.@m
-.09’$
-.1o1
-.0s0
o

-.056
-.030
-.044
-.oy)

O.o11
.01:
.0s
.1OI
-.cn
.Ck+
.1$
-.x
-.aa
-.m
.Qz
o

-.az
.m
m
.W
-.03:
.@r
-:%
-.CK4
o
0
D

.om

-:%
-.o~
.041
-.=
-.CC%
.021
,Olc
.Ox
-.Olc

-.0$
.CQ3
.010
-.W
-.@$
-.101
-.d.c
).
..C63
-.030
-.CJ!=4
-.o~

.0.039-o.o~:
.ck43J@
.1o3.IJi
-.m --w
-.00s-.OQ
.074.Q91
.I.83.1%
-.L?4-.12:
-.CQO-.OX
-cm -.crx
J@ .Qx
o 0

-o.@
.m
.Ill

-.m
o

.C8f

.2U
-.lz
-.aif
-.(M
.Cq
o

-.@
.qj$

-:%

:%
.1%

-.lCA
.Gz4
o
0
0
.016
-.117
-.m
-.W5
.G$
-.02?
-.026
.021
.O1o
.a?o
-.OI.O

-.oy2
-.&
,Wl
-.C&3
-.og4
-.IO1
-.0.s3
o

-.03
-.030
-.C44
-.030

0.01!
.@!
-.@
-.fw

:Z
.2X
-la
-.CL2(
-.oa
.W
o

-.olf
.W(
-.cq
-.@
.OIJ
.m
.201
-.10!
-.024
3
2
)

.01s
-.117
-.077
-.W3
.0S9
-.023
-.026
.021
.010
.C@
..o1o

::%
.05-4
-.019
;:S$
-.060
)
..C45
..03
..d14
.,op

-0.oq
.Id
-.ofi

-:%
.%
.at

-.~!
-.a?(
-.02(
.Oq
o

-.olc
.U(I
-.W
-.6
.Ou
.Id
.W
-AM
-.024
0
0
0

-.04C
-.U6
-.O-r
-.*1
.aj’o
-.OE
-.026
:%x%
::%?
.053

XJ
-.060
0

-.037
-.09
-.044
-.oy3

.l~
-.1241.3~

.35
-.6s
l.~
2.77

-.02C
-ax

.Oo’j.W
o 0

;.g ;.44J-.02$
.m

6:s91:40.CJh4
5.551.40.O*
4.511.40.m
3.471.40,060
2.431.40-.09$
1.391.40-Jo4
.351.40-.024
-.691.400
l.m 1.400
2.7-71.400
B.69 4.17-.028
7.634.17-.OCB
6.594.17-.OC$
5.554.17.Ce2
k.514.17-Jog
3.474.17-.g3
2.k34.17-.026
1.394.17.021
.354.17.010
..694.17.020
l.~4.17-.o1o

-.030-042
.012 .023

.Ca4
-:0% -.055
-.02?-.oo1
.074.Cm
.U7 .153
-.104-.1o4
-.024-.CQ4
0. 0
0 0
0 0

.C03.01.2
0 -.193
-.&-o-.079
-.013-.OXL

.053
-:% -.115
-.026-.026
.Oztl.021
.010.O1o
.020.020
-.o1o-.o1o

-.035
.033

-:%
o
.W
.l~
-.ldl
-.a
o
0
0

-.0%
.042
Jo:
-d-c
.Co2
.W
.104
-.104
-.a24
o
0
0

.017
-.07’4
-o-@
-.oq?
.057
-.097
-.026
.CQ1
.O1o
.Oin
-.OI.O

.020
-,lm
-on
-.W
.C61
-.037
-.026
.CQ1
.010
.020
-.o1o

.030-.032
-.CW-.CC4

-:% -:%
-.0+-.094
-.101-.1o1
-.@So-.@50

3.6t
7.63
5.55
7.55
i.~1
>.47
2.43
1.3S
L6a
7.63
;.5s
5.55
—

6.5A.Oti
6.94.O11
6.94-.092
6.94~:~
6.94
6.94-.1o1
6.94-.O&l
6.s4o

-.035
.Oo1
.Cd
-.og
-.094
-.lCO
-.o&
o ) o

-.055-.@
-.030-.030
-.* -.QW
-.oyl-.ON

-.C61
-,09
-.044
-.OW

-.@
-.W
-.044
-.OW--L111.Ll-.C65

11.u-.030
11.11-.044
IJ..ll-.oy3

1

.—— ———- -.—
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orifice
Or&LnateB

xp~ YpJ

.0.’(6O.m
.(M

pj .m
.(Y3

6:99.(Y3
5.55.~
4.51.00
3.47.00
2.43.(XI
l.~ .W
.35 .00
-.690

D.761.40
9.721.40
8.681.40
7.631.40
6.591.40
5.551.40
4.1 1.40
?3.7 1.40

2.431.40
1.3 1.40
.~ 1.40
-.691.40

.O.fl4.17
9.724.17
8.694.17
7.634.17
6.994.17
5.554.17
4.514.17
3.47k.17
2.434.17
1.394.17
.m 4.17

D.766.s&
9.726.94
8.696.9$
& :.x
5.556:%
;.$ ;.$
. .
.0.76IJ_.lJ.
9.72IJ_.11
8.6911..11
7.6313..11

TA131EII.-COatixmea

VAIJJES@ Jm-olfPmswFcdC~IC~ F’OR”AIL,HItUOHII’ICE

P@n!r.cmFORmcA.L—~ RATI~OF2TO15

(e)Wum attestlmsitionIb (wpermmic.xIt)

23

2

0.037
.Ov
.047
.076
.@
.037
,039
.00
-.07’9
-.nl
-.o14
0

-.027
.WJ
.039
.U57
.043
.W
.Oxl
.042
-.W5
-.l~
o
0

-.@al
-.o13
-.013
-.010
-.o11
-.W
-.06J3
-.069
0
.aa
.O1o

-.034
.023
-.M
-.033
-J%
-.=1
-.CX33
.O1o

-.132
-.m
-.C56
-.op

Pram coefficientforaacelJ.a+dttotal-pm- ratioHJ/pOd .

3

o.~.025
.G
.lx7
.Cx%

:%
.@
-.079
-.121
-.olb
o

-.027
.Cm
.043

:%
.041
.034
.&l
-.@5
-.lQ5
o
0

-.010
-.004
-.013
-.CQ7
.ml
.CK13
-.060
-.@El
o
.020
.010

-S@t
-.W
-.od+
-.oq
-.lz
-.151
-.060
.010

4

-0.OX
.@
.05s
.(%4
.069
.053
.Qx
.O$t?
-.079
-J.21
-.o14
0

-.027
.Olg
.Ck6

:%
.C!45

:%
-.095
-.lq
o
0

-.OIJ
-.alt
-.013
-.CX33
-.01s
.01.2
-.06C
-.C68
o
.020
.O1o

-.@
-.02?
o
-.022
-.149
-.yn
-.@l
.010

5
-o.c@
.Oti
.O=J1
.d3
.071.

:%
.@
-.07’s
-.121
-.o14
0

-.027
.OI.8
.045
.(W
.@2
.Ox
W&

-.W5
-.WJ
o
0

-.011
-.Olc
-.013
-.cn3
-.@33
.01s
-.057
-.&k
o
.Cm
.Cm

-.034
.Cd
.Ow
-.oq
-.149
-.yil
-S&2

.Olc

T678-0.026-0.u4.026
.W .W .023
J@ Xw& ;~3
.ck3
$6 .59 .~

.(M .CJL7
.@+ .053-:xg

-:@ -% .W23
-.121-.121-.121
-.o&-.olb-.0).4
o 0 0

-:% -.02-(-.CQ7
.015.015

.044.043.045

.C63.& .60

.050.~ ShJ

.o~ .039

.039.oy3.CQ1

.co-g.oy3.&l
-.M -.W5~::g
-.lq3-l@
o 0 0
0 0 0

-.016-.02L-.023
-.OI.2-.013-.o16
-.013-.016-.OX)
-.013-JXg-.W
.010-.W1-.o~
-.W -.020-.o18
-.022.cz23.C46
-.@+-.051-.039
0 0 0
.Om .Cm .Om
.010.010.010

-.004-.o1o-.o12
.a% .~ .ml
.a)3-.m -.W2
-.0%-.0%-.033
-.145-.137-.117
*.151~:~ ~:~
-.CDSO
.O1o.O1o.O1o

9
.o.ti
.022
.053
:70
.@g
-.W5
.043
Xx30
-.m
-.olb
o

-.CQ7
.Ofi
.044
.~o
.052
.Q%
o
.@o
-JS52
-.m
o
0

-a%
-.m
-.OI.6
o
-.044
-.(M.6
.@
-.G7
o
.m
.O1o

-.010

-%?
-.@
-.@l
-.151
-.O$J
.03.0

-.63
-.0’76
-.0%
-.oy

I

T10 II

0.CQ4-0.019
.023.Om
.* .~
.056x64
.Owl.C&8
.019-.(A3
-.CK$-.037

.057
% .IJ.3
-.121-.llg
-.OI.6-.o16
0 1°
-.027-.@
.013.Wg
.Os .o~
.@ .~
.059.@S7
-.oy3-.039
0 .CKil
.057.063
-.a)3.&k
-.WJ-.1Q5
o 0
0 0

-.026-.028
-.* -.m
-.CK%o
-.Q5-.&l
-.C48-.049
-.OU+-.OI.2

-:% -:%%
o 0
.020.ml
.O1o.O1o

-.@q o
.CK3 .C40

-.029 -.02s
-.fw -J=3
- .Op -.053
-.151 -.B1
-.om-.QW
.010.010

-.Q52
-.075
-.CE-5
-.oy3

-.d!’4
-.072
-.0%
-.0s

12 13 14 ~

-o.o17-0.CW-0.ceg-Q.C40
.O1o0 –Jm -.m
.0% .040.046.~
.075.= .097.lCB

.lm .@3-.(J22
;;~o-.055-.@ -.@

-:% -.005-.003
.(%3 .072WJ

.12 .139
-:F7-.IJ.6-.IJ.6-.I14
-.o16-.o18-cm -.o19
0 1° to 1°
-.=-3-.028-.o~-.@l
.Ixt4-.ti-.m7-.OW
.0+ .CtlllL&6 .@
.07g.Ofm.1CX3.lcrj
.074.~ -.CR6-.~
-.043-.&s-X46-.046

.Cn4.m5 .m9
:% .o~ .o@ .@3

.M .1X .146
-:% -l@ -l@ -JQ5
o 0 0 0
0 0 0 0

-.op .@.l-.W -.023
-.013-.o@ .W2 .0c8

.012
-:0?-.U35-% -:%
-.chg-.049-.048-.C!J+7
-.010-.CC8-.@ -.C?33
.W JJ7J-:J=&.~
-.045 .003
0 0 0 0
.Ceo.020.020.CQo
.O1o.O1o.010.010

.Cos.m -.oqs-.026

.052 .056 .057.057
-.W -.X -.025-d+
-.olg-.m6-.olh-.o13
-.045-.oy5-.034-.W
-.lgl-.151-.U1-.151
-.C&l-cm -.C&l-.&a
.010.O1o.010.O1o

1:,~
. ...___________________--—-——————— .-—————...-.—.
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TABr.alx.-continued

vA.mE3OFJ-EC-mFIm9uKscoEmIcImrsFmALLIim30FurIcB

FOSITIOESFORTWl!AL~ RA!l?I@3CF2TO15

(f)Airattetiposition~ (sonicexit)

NACARM L55U3

Orifice
olfunatefl Pre8muecoefficlatefornacdle-extttotal-pretmumratioH5/poof-

xp~ YpJ 6 7 8 9 ~ ~ ~ v 14 X3

10.760.00-0.03.8-0:~7-o.o18-o-m -0.022-0.CQ6-0.030-0.033-0.05 -o.q5
.00 .ti .Olg .~

::: .00
.o12 .O1.o.O1o .013 .019 .028

.Q50 .050 .d17 .d3 .C43 .059 .070 .ci33m%
.(XI.@ .Q53 .m5 S%3 .W

6:59
% .l@ .IL5

.00 .052 .@% .@ .O% .@ --- ::J& dJl -:g7”-.142
5.55 .~ -.SU -X1.6

-%J -:%J ::ls
-.XL9 -.=5 -.las

4.51 .00 -.@ -:W; -.m --052-.053-:% -.~9
3.47 .W1
2.43 .m

.056
.128 %

.078 .Ci35
.041 .l~ .191 :%! :Z .230 .237

1.39 .00 -.I.28-.E5 --w -.=5 --w -.126--- -:E -JW -.052
.@ o 0

-:8 .Oo 0
0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

10.761.40-.fxzl-.o18-.026-.026-.W26-Jz?J-.034-.034-.034 -.034
9.721.40 .016 .o17 .O1o..W .O@ m% .0J2g.o17 .Ce7
8.691.40 .O$o .037 .054 .C45 .&o .&

:% .C@
.033 .087

7.631.40 .052 .cr55.W .Wil .1CY3.l@ :% -.&o
6.591.40 .045 .0s5 .q4 .O1o-.111-.12.6-.U9 -.121-.122
5.551.40 -.:%!-.llxl-.lCA-.lq’-.lcp-.11o-.1.11-.lz?-.113
4.51L40 -:% -X.42-.039-::s)-.035-:$@&-.ql -.cq -.027-.@
3.471.40 .Q50 .W9 .cKi7 .079 .090..03 .099 .103
2.43lJlo-.093 .136 .1P .191 .217 .235 .242
1.391.40--w -:% -.o~ -.o~ -.05 -:% -.o~ -:Z -.W5 -.W
.35 l-~ o 0 0 0 0 0 0 0 0 0
-.691.400 0 0 0 0 0 0 0 0 0

LO.@4.17-.017-.Ox? -.019-.025-.029--m -.o19-.o13--m .m3
9.724.17-.o13-.013-.013-.o12--m J& .Ock .O1o
8.684.17-.CQO-.o13-.oq -.012 -.CKU -.113-:% -.176.:%
7.634.17 -.W -.C&l—— .— --—- -—-— ——— —— —— ---
6.594.17-:% -.077--077-.o~ .qa -.W7 -.07’6-07’6::% ::%
5.554.17-:mg -:g2.-.@l -.023-.021-.m -.OB -:sn;
4.514.17 .O& .O% .fflg

-:% .m .W
.Cgl .095 .0%

3.474.17-.67 -.062 .145
2.434.17

.l~ J@ .m .207
.010 .010 .010 .010 .010 .010 .O1o .010 .010 .010

1.394.17 .m .a20 .020 .020 .020 .m .@o .a .~ .020
.354.17 .O1o .010 .010 .010 .010 .010 .010 .010 .010 .O1.o

.0..766.94-.009 .Cm -.o11-.047-.0% -.126-.132-.135-.136
9.726.94 :% .C87 .tb97.L137.087 .097 .ci37
8.686.* -:21 -.042-% ::%? -.044-.C4=4-.044-.C44-.a3 -.C43
7.636.94-:027-.027~:g -.W -.W ~:~3 ~:~ %JXJ :::: -.~
6.596.94-.oq’-.C45 -.e -.019 -.W
5.556.9$J& :.% :.%3 -g ::g :.% ::% :“g -:%
4.516.*

.011
-do

3.476.94-.cil.o-:010-:o1o-.o1o-.010-:o1o-.o1o-:010-.o1o-.o1o
.0.76I_l..ll-.059-.@ -.@ --w -.@3 -.oti-.& -.o16-.OI.3-.012
9.72I.1.l.l-.OP -.064-.053-.032--w .Olb .023 .032 .034
8.69LL.n -.*1 -.01 -.~l -.Q31-.051-.C46-.039-:% -.004 .019
7.6311.11-.op -.09 --ox -.030-.030-.09 --030-.030-.030-.030

.
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vAqJEi’3@ Jm-cHPREssmEUEF’F’ICIE31!S~ AILHIEGORIFICE

HWICI~FOR‘IfYIALFTEWUREFbwIosoF2T015

(d HydrogenandairatteetpositionT.b(hotsordcexit)

Orifice PrOesll.1%coefficientsfornacelle-edttotal-preselm
orcllnates ratioHJpOof–

PX3 YpJ 6.? “ 6.75 7.rxl 7.- 7.73

10.s O.m -o.c&i -0.027 -0.oxl -0.CQ3 -O.(X?3
.CK1 .033 .032 .Ow

::E
.Ox

.m .01
.m

.051
:%

W3 453
7.63 . .m .W3 .cn52 .62 .62
6.59 .CY3 .Q50 .(%3 .67 .W .o~
5.55 .00
4.51 .03 -:% -:% -:% .% -:Z
3.47 .00 .033 .0% .039 .041 .ch3
2.43 .@ .ly3 .139 .m15

-:Z
.152

1.39 .al -.K!l -.l.z? -.123 -.M
.35 .Cx) -.CQ7 -.om -.M -a% -.OC%
-.69 .CrJ o 0 0 0 0
m.76 1.40 -.@ -.~l -.W -.024 -.0s
9.7’2 1.40 .022 .Olg
8.69 :s

.W .022
1.40 .039 .037 .ti

7.63 1.40 .W7
6.59

.059 .W7 :$% .a5
1.40 .043 .W .056

5.55 1.40 .061 :% .(%5
-:&3

:%
4.51 1.40 -.044 -.043 -.041 -.dtl
3.47 1.40 ..QW .052 .024 :g2 .m9
2.43 1.40 .@

-:%
.W3 .I.28

1.39 MO -.ll)7 -log -.Id+ -.lq’
.35 1.40 0 0 0 0 0
-.69 1.40 0 0 0 0 0

10.76 4.17 -.019 -.CQ7 -.032
4.17

-.W -.CG2‘
9.72 -.012 -.CU.6 -.o18 -.010
8.68 4.17

-.013
-.0M5 -.017 -.019 -.017 -.015

7.63 4.17 .004
6.59 4.17 ~;g

.010

4.17
-.m -:Z -:% -.W7

5.55 -.CQ7 -.026 -.@ -.@4
4.51 4.17 .069 .o~

-:27
.o~

3.47 4.17 -.066 -.= -:3 -.@
2.k3 4.17 .O1o .010 .O1o .010 .010
1.39 4.17 .020 .020 .Om .Cn3

4.17
.CO)

.35 .010 .020 .020 .020 .(X20

10.76 6.s4 -.o11 -.o16 \ -.oti -.005 . -.010
9.72 6.9$ .Cm o 0
8.68 6.94 -.dm -:5 -.dlg -.044 -:25
7.63 -.033 -.0% -.039 -.029 -.o~
6.59 2:$ 46$ -.m9 -.048 -.035 -.034
5.55 -.m -.148 -.148 -.m
4.51 2:$ -.060 -.O&l -.@ -.@So -.cfa‘
3.47 6.$ -.010 -.OI.O -.010 -.o1o -.o1o

10.76 11.11 -.049 -.@o -.047 -.035 -.0?4
I.1.l.l. -.078 -.074 -.066

w +&4
-.072 -.Q53

11.1.1 -.c56 -.056‘ -.gn -.054
7.63 U.11 -.030 -.W -.oyl -.OX

— . .. —- .- —. -.-— _. —— ____ .-. — —— .—-— .. ——— —. .. . . .. . . . .. .
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TAHLHII.I

vAI.m9cwmcHRmmAL~COHWIC=SFCRALLWINGORIFICH
PCSmcmFOR!ccmL~ IWl?ICSOF2TO15

(a)Heliumattestpmition~ (WC exit)

msm-e(xafficieutsfornacelle-edttotal-prescureratioH3/P0of-Orifice
Orallmtea

w Yl%
.0.760.0(

.CKRi .a
7.63.lx
6.59.a
5.5s.~
4.51.CK
3.47.CK
2.43.Oc
1.39.CK
.35 .~
-.69.Cz
0.7’61.4C
9.721.4C
8.691.4C
7.631.4C
6.591.4C
5,551.40
4.511.4C
3.471.40
2.431.40
1.391.4C
.% 1.40
-.691.40

D.ti4.17
9.724.17
B.68 4.17
7.634.17
5.594.17
5.554.17
k.514.17
5.474.17
2.434.17
1.394.17
.334.17

3.766.94
9.726.s4
3.696.94
7.636.94
5.596.94
>.556.*
!.ql6.94
>.476.94
1.76I.1.u
3.721.1.11
3.6511.11
7.63S1.11

3 4 5 6I7I8]9I1O 13 142

-o.olf
-.OM
-.cQt
-.olt
-.o1$

-.@
-.CA:
-.0%
.lq
.232
0
0

-.ols
-.(3X
-.o13
-cm
-.014
-.032
-.045
-.021

.U3g
o
0
0

-.OI.8
-.023
-.OM
-.ole
-.0s

.oy3

.I.aI

.(X)3
o
0
0

-.022
.016

0
.W
.017

0
0
0

-.o~
o
0
0

-mom
-.olt
-.olt
-.OU
-.o1:
-.cq
_.&j$
-.02
.llt
.l~
o
0
-.OM
-.OM
-.OU
-.COJ
-.Olc
-.031
-.OW
-.024
.=6
.017
0
0

-.011
-.0=5
-.Ou
-.ole
-.CQ3
.0%
.X26
.o12
0
0
0

-.@
.015

0:$
0
0
0

-.m3
o
0
0

-0.01:
-.o1:
-.01:
-.011
-.01$
-.021
-.0%
-.@
.=5
.1%
o
0
-.014
-.01:
-.OIJ
-.olc
-.014
-.OX
-.C!4$
-.OII
.W
.135
0
0

-ax
-.02$
-.01s
-.Ole
-.029
.037
.1o1
.0%
o
0
0

-.a24
.WJ
o

:%
o
0
0

.o14
0
0
0

-0.ou
-.011
-.o11
-.Olb
-.o19
-.022
-.047
-.=7
-.m3
.a?3
o
0

-.032
-.osl
-.o1o
-.W
-.010
-.W
-ail
all
.1o4
.186
0
0

-.OI.9
-.W
-.U
.OI.8
-.om
.040
.097
.an
o
0
0

-.020
.OI.8
.Cml
.0s1
.058
0
0
0

.032
0
.Cn?
o

-O.(XSI-0.CK8-O.(X37-0.olc
-.CW-.C@l-.OM-.OIJ
-.W --~ -.o~-.@
-.OI.2-.W9-.od+-.OV
-.017-.oll)-.024-.@
-.040-.049-.039-.cQ1
-.051-.022.Co3.Cq
-.m7o -.m -.2X
-.015-.@ -.W .@
.242.263.281.295
.Oo1-.007.- .~
0 0 0 0

-.m9-.C@-.039-.014
::JWJ-.~ -.017-Cm

-.CC$-.tio
-.007-.@ -.~ r.@37
-.C05-.@ -.O*-.037
-.048-.047-.W -.603
-,041-.oal-.odl.035
.m -.152-.164-.163
.114.Ug .127.1*
.ZL6.239.H .274
0 .010.m .ox
o 0 0 0
-.o1o-.o17-.OI.9-.OI.6
-.ole-.G26--m -.027
-.o~-.o17-.oy3--033
-.O%-.029-.ole-c@
-.022-.012-.CQ9-.06@
.M -.02’7-.05-.0%
.087.089:g .@
.U5 .132 .ly
o .m .040.070
0 0 0 0
0 0 0 0

-.021-.W -.033-.0%
.o~ .015

:8 -:% -.C41+;
.C52 .043
.0 .@@ .~ :yo
.m% .@ .071
.03.0.O1o.O1o.020
0 0 0 0

.052.038.0s3.@%

.036.017.033.053

.m .003-.~ .~
o 0 0 0

-o.olf
-.cq
.Ccl

-.~$

-.0%
.Ca.03$
.W
.Olc
.x
.221
0

-0.aq
-.W
-:%
-.040

.023

.023
-.231
.017
.334
.=
o

-0.IXE
.C03

-%’?
-.=7

.046
-.165
-.235
.024
.351
.291

0

0.C.03
.W
-.@32
-.053
-.009
-:%
-.237
.033
.357
.311
0
-ml

-:%
-.039
.o12

-:$
.167
.318
.210
D

-.@
-.C4=4
-.0C8
-.03
-.@
-.034
.lca
.ti
.210
)
)

-.019
.0
-.053

:$
.07’0
1
.o~
.G’33
.0$2
)

O.@
,W7
.030
-.C42
.o13

-:%
-.239
.C!43
.392
.335
0

.022
-:%
-.024
.031
.039
-.H
-.157
.172
.332
.&o
o

-.033
-.C40
-.003
.035
-.X55
-.033
.ml
.167
.B
3
>

-.022

-:%
.lyl
.050
.lZ
.W
)

.q4

.0%

.059
)

O.olz
.003
-.dk
-.031
.033

-:%
-.239
.052
.3S4
.3s5
o

-:%
-.043
-.OI.2
.@2
-.056
-.E60
-.155
J.&
J&
o

-.035
-.CQ9
o
-.om
-.135
-.032
.lCQ
.170
.220
3
3

-.a?o

-:%
.@3
.056
.X55
.lcm
3

.076

.097

.043

.010

0 -.(X4
-SOS .Ox

.@33 -.m
-.047 -.0$6
-.OW -:og
.0$

-.* -.247
-.163 -.162

.149 J57

.299 .X2

.Ilo .16

-.013
-Jmq
.m:
-.ofl
-.02S
.017
-.J.27
-J.&
.145

:%
o 0 1°

-.OIJ
-.C42
-.023
.001
-J.27
-.035

:1$
.160
0
0

-.016
-.’C44
-.o15
.CCn
.12
-.035
.@
.161
.190
0
0

-.o13
-.039
-.oy)
-.003
-.107
-.036

:13
.I.20

o
0

-.(El
.045
-:@&

:8
.C40
o

-.019
.@

-.053

:27
.W
.Q50

o

-.(X24

-:%J

.0%

.113

.Ow
o

.M9

.67

.ti
o

.O-p

.075

.013
0

.072

.030

.W
o

—
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vJwJEsoFnm=mcALmHaHECOKFFICIEI?ISFORALLHIE#lCECtFICE

FW13?ICH8F(RTOIAL~ ILATICSOF2TO15

(b)HeMumattestPositionIb (SOdC tit)

orifice
ordlxmten

TXPJ YPJ

0.76 O.m
9.72 .~
8.69 .00
7.63 .a)
6.59 .CXJ
5.55 .00
kgcl .00
3.47 .m
2.43 .00
1.39.ml
.3s .~
..69.CQ

0.76
9.72
8.69
7.63
6.59
5.55
4.51
3.47
2.43
l.%

-:Z

0.76w
7.63
6.59

?:%
3.47
2.$3
1.39
.35

.0.76
::Z
7.63
6.59
5.55
4.51
3.47

O.*
I:&
7.63

1.40
1.40
1.4C
1.40
NC
1.40
1.40
1.40
1.4Q
1.4CI
1.40
1.4C

2

.0.014
-.019
-.014
-.cm6
-.OYI
-.0%
.035
.143
-m?
o
0
0

-.o16
-.OI.6
-.012
-.021
-.oy)
-.oyl

:Z-.Cnl
o
0
0

Prcmurecoefficients

-0.ou
-.o14
-.o14
-.021
-.Oy
-.OX
.035
.164
-.002
0
0
0

-.o11
-.o11
-.012
-Ocel
-.0%
-.oy5
.126
.J.a
-.m2
o
0
0

lT-O.(XJ7-O.(XO-0.CK13
-.011-.OII-.C02
-.Om -.014-.014
-.oa)-.021-.019
-.oya-.oyl-.045
-.&o-.030;:g
.@ .oyJ
.IJ.2.m .I.24
-.W?-.W1 .c&5
o 0 0
-.W1o 0
0 0 0

-.WJ
-.W
-.OSL
-.022
-.CK24
-.04-6
.161
.U6
-.CQ2
o
0
0

-.009
-W9
-.012
-.021
-.041
-.024
X&
-.W2
o
0
0

4.17-.019-.OI.O-.crq-.mg
4.17-as -.OI.6-.o14-.C?X3
4.17-.024-.021-.018-.o18
4.17-.@ -.020-.025-.030
4.17.041.C46.q% .0%
4.17.1(I2.I15.On .071
4.17-.a)3-.ti .018.Cg2
4.170 0 0 0
4.170 0 0 0
4.170 0 0 0
4.170 0 0 0

6.94-.023-.o18-.o13-.017
.OI.3.017.016.o~

;:$ .a .070.072ml
.057.059.-

2:% -.m3-ml .Cm .012
6.s4-.W -.W5,-.~3-.~
6.940 0 0 0
6.940 0 0 0

I.1.11-.cnl.mq .010.02$
IJ..ll-.W -.W3-.003-.m3
11.11-.004-.Q34-.@+-.Cn14
11.110 0 0 0

::%

-.o12
-.021
-.039
-.(X)7
.CkJ3
J39
o
0
0
0
- .Oa
-.020
-.032
-.019
-.W’
.07$
.117
.Cm
o
0
0
-.oy3
.007
.032
.C63
.o$~
-.CK14
o
0

.C48
-.003
-.Cd+
o

for namlle-edttotal-preeaureratioH~/poof-

7 8 9 10 ~ .= u 14 u
-O.(X4-o.~-o.~ O.CQ10.034-o.@-0.0C4-0.qn‘-o.oy?
-.OI.6-.o15-.o13-.018-.ti-.@+$-.046-.045-.041
-.013-.o14-.03-.040-.037-.031-.022-.~ -.tw
-.033-.046-.032-.O%-.o11.Cd+.018..Op .044
-.On-.0150 .o18.o~ .032-.*3-.1C6-.1%

-.165-.l~-.174-.175-.l~-.176.~
-%J ::$;-.051-.049-.045-.c&3-.039-.oy3-.035

.144.151.158
.148.21.4.239.2y3:% :x :g :2 :%
o Xx34.Cq .010.012.o~ .013
-J@ o

.014.U
-.W o 0 0

0
-c@ o -.003

0 0 0 0 0 0 0 0

-.W9-.W -.W -.003-.~3-.@ -.~5-.039-.m5
-.0s-.015-.o~-.o18-.o~-.C44-.043-.039-.0%
-.010-.012-.M -.0$-.W -.(X2-.o13-.W .W
-.023-.040--- -.012ml& .013.018
-.024

.037-.03s
-.WJ .- .mg

-.0%
-.W’7-.H -.173-.177

-.147-.157-.159-J.&3-.160-.159-.159
.C62.@ .067.070.~ .076.07’9.@.-:3
.147.@+ .3.59.167.l~ .179.I.85.lgoJ%
.Cc?l.U5 .m .254.& .M
o

.314.~ .yq
o 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0

-.021-ml -.022-.032-.040-.039-.oxl-.W!4-.CO.4
-.@!-.035-.039-.o~-.026-.020-.rm-.fxil.O1o
-.033-.024-.Ou-.0C4.W .O111.O1o-.010-.ti7
--- -.W -Jlx-.JJ-l-.=0-.~ -.~ -.~9-JJ.9
-.024-.W -.024-.024-.CQ2-.cr22-.021-.CQO-.o18
.076.O-p.al .& .Cf36X%!&.C@ .Ogl.C%!
.I.%.1P .lyi.139.142 J49 .151.154
.ml .m .o18.052.10’7.165.207.m .2y3
o o“ o 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0

-.o~-.@ -.o17-.Ou-.OIS!-.OI.7-.046-.61-.@+
.W .Op .C& .On .Cm2.@5 .* .093.C84
.027.027.027.@ .027.CQg.0y3.02
.C64

.033
.G57.Cf.9.O-fo.072.W .077.U31.ct33

.C83.111.= .Iz7.I.33.134.U9 .1$-o.143
-.003-.@ -.W3 .Oci?.012.035.070.lCQ.13.g
o 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0

.67 .074.C81.Ca4.@7 .Ci3g:%7 .ti J&
-.W3 .m .o17.09 .W9 .07-7
-.Cd+-.0+34

.097
-.@ -.Cdl-.od+-.CX%.0+S+.C@ .Olg

o 0 0 0 0 0 0 0 0

..

.

-—-— .—- .—. .— — —.-. —.-_—
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TAHm III.-continua

NACAI?ML55L13

vA.IuMaFmmmEmALPms9uKE coEmmmmsFoRALLuIcn30RwIcE

Poslmcmm TorAL—~ RA.TIWOF2TOV

(c) ~ d teti~itiOn 1= (SCdC .2&)

OrMice
OrUmtes

%

Premiumcoefficientsfor nacdle-edt total-premum ratio HJ/pOof.

8 9 3+Ills!=

‘0.026-0.OX-0.oa
-ml -.G23-.014

-:%
-:%
.147

-:%
o

2 3 5 10 14

LO.76O.a
.U

::E .a
7.63.(x
6.59.0(
5.55.a
4.51.O1
;.;;.a

.a
1:;;.Cx

-.69::

-0.o1:
-Coy

-.CQ
-.QX
-.034

.SJ

.03.’
0
0
0
0
0

-.@
-.01{
-.(3M
-.oy
-.05
.lli
o
0
0
0
0
0

-.OI.2
-.G24
--m
.047
_:g
o
.Oo1
0
0
0

-.02C
-.C!JL3
.@%
o
0
0
0
0

0
0
0
0

-o.o1:
-.01:
-.ol!
-.W
-.0s3
.19
J13
=3
o
0
0
0

-.02s
-.W
-.OU
-.oa
-.OZ
.VY
.IM
o
0
0
0
0

-.o14
-.E
-.~$
.03
-:%
o
.ml
o
0
0
-.021
-.042
.m
o
0
0
0
0
0
0
0
0

-0.CO
-.al
-.OZ
-.02
-.ix
.lc
.G
.(K
-.E
o
0
0

-.o1
-.01
-.02
-.CQ
-.02
.07
.09
0
0
0
0
0

-ml
-.05
-.03
.M
.6
.m:
o
.m
o
0
0

-.@
-.W
.@:.~
o
0
0
0

0
0
0
0

4.OU
_.ol$
-.olt
-.04’5
-SW
.05(
.ld
.Cx3:
-.@
o
0
0

-.OM
-.o.la
-.oti
-.045
-.W

:%
o
0
0
0
0

-.019
-.CJ+l
-.02
.060
.m
.079
0
0
0
0
0

-.0%
-.055
.045
.053
0
0
0
0
.003
0
0
0

.0.014-0.o1:
-.019-.o1<
-.aa -.Ok
-.032-.o1$
--w -.l~
.070 .07
.113 .~$
.003 .01(
-.001-ml

-o.m
-.OZ
-.OZ
-.ofy
-.@
.o~
.@
JJ71
-.CCZ
o
0
0

-.03.2
-.OX
-.aa
.Oo1
-.lq

S&
.=
.Cm
-.Coj
o
0
0
-.&7
-.037
-.W
-.OI.2
J233
.W3
o
-.oo1
0
0
0
-.026
.Oo1

:%
o
0
0
0

.W
o
0
D

O.01
-.C.41
-.CU
.@

-.x
.Or
.W
.=
-.oq
o
0
0
-.OU
-.@
-.014
.Ocf
-.lq
.08!
.137
.@
-o@
o
c1
)
-.&l
-.@l
-.Cdl
-.OIJ
.@
.U
.003
-ml
)
)
)
-cd
.Cm
.C52
.W3
)
)
)
)

.(%7
-.oo1
)
)

O.ciu
-.035
-.olc

-%
.079
.135

-:%
o
0
0

-.@.
-.02
-.CJ33
-.048
-:lg
.142
.1o4
-.@33
o
0
0

-.033
-.o11
-.1-14
-.o1o
.a5
..u6
.Ce2
-ml
3
)
3
.@

:%
.CB7
.o13
J
)
)

:$
.m
)

.0.02
-.oa
-.@
-.I.61
---

.Cq

.W.-
-:%
0
0
0
-.CZX

.002

.o~
-.151
-.W
.0%
.159

-:%
0
0
0

-:%
-.121
-.00-7
.093
.1*
.21Z
-.CX3>
0
0
0
.C43
.Gm
.0s2
J-23
.092
3
D
-.o.1

.053

.68

.005
D

4.a?(
.Ux

-%
-.12L
.@
.15:
.311
-.UX
o
0
0

-.W
.O.u
o
-.15(
-.lcf

:%

-:%
o
0
0

.W
-.11o
-.12C
-.W
.W3
.U6
.=7
-.003
0
0
0

.042
-.COl
.ti3
.M
.&
o
-.01
-.o1

.W

.095

.0%
o

-:%
-.=5

.Cw

.141

-:%
o0 0

0 0.
0 0
-.o17-.O.M
-.017-.OI.7
-.W -.037
-.@ -cm
-:o~--~

.C@l
.117.12k
o 0
0 -.00I
o 0
0 0
0 0

-.@4-.037
-.C46-.046
-cm -.012
0 -.OU
.On .082
.W5 .~
o 0
0 0
0 0
0 0
0 0

0 10 10
0 0 0

D.-(6 1.4(
9.72l.ti
8.691.4C
7.63lJK
6.591.4(
5.55lJK
4.51l.u
3.471.4(
2.431.4C
1.39l.ti
.35L4C
-.691.4C
0.764.17
9.724.17
8.684.X7
7.634.17
6.594.17
5.554.17
4.514.17
3.474.17
2.434.17
1.394.17
.354.17

-.oyl
-.(I24

-%
-.loa
.W
.148
.1*
-.m
o
0
0
-.024
-.(xll
-,120
-:@&
.Ug
.079
-.oa?
o
D
3

-.OX
-.olg
.o17
-.149
-.1C13
.W
.132
.249
-Jw3
o
0
0
-.o16
.W
-.I.21
-.m
.W
:%
-.OCQ
o

-.(XX
-.m
.026
-.15c
-.105
.W
.@
.&g
-.0C6
o
0
0
-.Ocq
.Cm
-J21
-.009
.W
.131
.X34
-.@l?

.

.

0
0
0

0
0

.039.0$2.043
o@. .IxQ.m
.056.~ .~
.114.lm .m
.042.&a .C@2
3 0 0
> 0 0
) o -.01

0.766.*
9.726.94
8.696.94
7.636.$
6.596.94
5.556.*
L51 6.94
3.476.94

-.029 -.029
-.OI.6-.(XK2

:24:%o 0
D o
0 0
0 0

.(X4.031
3 0
0 0
0 0

0.76IL1.1
9.7211.11
B.6!3 U..ll
7.63S1.11 -LL.W .I139

.018 .03 :%

.ae .W .@
) o 0

;

— -.
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TABLEm.- Cantinuaa

vAuEso? nmmmmALFREmuRE 03EFFlcrEm2FoRALLulmmIFIcE

Flm!rIcrisFQR!rwMLPRH80REFLATI020F2T015

(d)Heliumattest~thn ~ (8CdC exit)

Pramurecoefficientsfor uwdh+xit total-premnreratioH@O of–Orifice

‘=v=~
xpJ YpJ

8.68O.@)
7.63.00
6.59.Oil
3:% ::
3.47.@
2.43.00
1.39.Cxl

.m
-% .~
.l.~.W
.2.V.00
8.691.40
7.631.40
6.591.40
5.551.40
4.511.40
;.:;:.4J

1:391:40
.% 1.40
Jg 1.40
.l.~1.40
.2.771.40

8.694.17
7.634.17
6.594.17
5.554.17
4.514.17
3.474.17
2.434.17
1.394.17
.~ 4.17
-.694.17
.l.~4.17

8.686.94
7.636.s4
6.596.54
5.556.94
4.516.*
3.476.*
2.436.94
l.fi6.%

8.6913..11
7.6311.11
6.5911.11
5.55IJ..ll

62 3 4 7 8 9 10

.O.01.O
-.OI.9
-.021.
-.031
.W5
.141
-.W2
o
0
0
0
0

-.(IU
-.ofi
-.023
-.029

:%
SHE
o
0
0
0
0

-.W
-.o1o
-.(X)1
.Ilo
-.(XO.
.W
o
0
0
0
0

.055

.m

.CKQ
o
0
0
0
0

.Q2
o
0
0

43.013
-.m
-.020
-.Op

:%
-.Im2
.Cm14
o
0
0
0

-.o11
-.041
-.023
-.cr%
.@
.145
.C@
o
0
0
0
0

-.W
-.W2
-:$
-ml
.m3
o
0
0
0
0

.055

.@
o
-ml
o
0
0
0

-.W
o
0
0

0.o14
-.05
-.OIB
-.034
.@
.lw
-.(YX2
.Ix6
o
0
0
0

-.m
-.041
-Xx22
-.om
.IJz
.IJ.2
.(X)2
o
0
0
0
0

---
-.m
-.0ci2
.11o
-.lln
.C@
o
0
0
0
0
.052
0.W53
-.003
0
0
0
0

-.006
0
0
0

0.o15
-.033
-.018
-.C!k7
.043
.W
.m
.003
0
0
0
0

-.o11
-do
-.022
-.037
.ID9
.m
.m
o
0
0
0
0

-.021
-.OX
.o13
:%
.Ix12
o
0
0
0
0

.052

.C’67
-:%
o
0
0
0

-Jx5
o
0
0

0.014
-.olk
-.039
-.027
-.CW
.I16
.lfx
.W
o
0
0
0

-.o1o
-.033
--039
-.OI.7

%
.@%
o
0
0
0
0

-.iL24
-.023.010
.W3
.lcf
.&x
o
0
0
0
0

.@

.67

.Om
-.004
0
0
0
0

-.om
o
0
0

o.~
-.021
-.@
-.OIJ
-.077

J.a5
.lg2
.fYw
o
0
0
0

-o.cd
-.&l
-.a?l
o’
-.O-if
●EE
.=s
.m
o
0
0
0

.O.012
-.ci?-o

.W
-.017
-.076
:3
.(X6
o
0
0
0

-.OI.2
-.046
.fx)3
-J33
.Q2
.148
.21E
o
0
0
0
0

.m
-.o1o
--v
.m
.155
.@33
o
0
0
0
0
.o14
.@l
.120
-ml
o
0
0
0

.006
0
0
0

D--
-.@-i’
.W
-l-p
-.076
.141
.a59
.Cd
o
0
D
o

-.CC24
-.037
.W
-.1X

.a?3

.*

.29+
o
0
0
0
0

.O11
-.203
-.072

.o~

.I.61

.013
0
0
0
0
0

.015

.I%c
;g

o
0
0
0

.Ocs
o
0
0

O.ce?
-.a.3
.022
-.ln
-.*
.147
.269
.@
o
0
0
0

-.021
-.@
-m
.162
.Ce4
S60
-w
o
0
0
0
0
.o16
-.C94
-.m
.07’9
.m
.041
0
0
0
0
0
.Olg
.@
.1X
.o13
0
0
0
0
.012
0
0
0

O.m
.oa2

-o.o17
.017
.03
-.l~
-.qo
J59.m
.Cn9

o
0
0
0

O.cq
.033
-.1C6
-.l~
-.OZ
.164
.297
.Olc
:
0
0

o.m13
.048
-J59
-.l~
-:WJ

.*

.O11
0
0
0
0

.C@3

-:2
-.161

:%
.316
0
0
0
0

.031
-.l?-a
-.m
.EJ+
.W
.W

o
00.
0

-.o18
-.W
.033
-.163

:%
.285

-.034
-.0%
-.02??

.W

:2
.035

0
0
0
0
0

-.cq
-.Q37
-.U
-.CYX
.a?l
.&
.146

0
0
0
0
0

-.010
.ml
-.@
-J.(53

.016

.17’2
-297
0
0
0
0
0

0
.O11
-:J5J

.03

.176

.X@
o
0
0
0

0
0
0
0
0 0 1°

-.@
-.o13
-.043

.qc

.@

.03;
o
0
0
0
0

0
-.OcK
-.ctz

.W

.14$

.00;
o
0
0
0
0

.OI.9
-.liu
-.W
.Q91
.I.69
.m
o
0
0
0
0

.o15
-.=7
-:m$&

.o14-.041
JQ -.~

.% :27

.176 .l@

.m .@3
o 0
0 0
0 0
0 0

o
0
0
0
0 0 0

.@

.*

.Oc
-. Co:
o
0
0
0

ml:

:%
-.mx
o
0
0
0

.o17

:%
.o~
o
0
0
0

.o17

.m

.145

.053
0
0
0
0

.017

.@

.148

.On
o
0
0

.o17

.@+

.147

.lm
o
0
0

0 0

.0s
o
0
0

.o14
0
0
0

.O1:
0
0
0

.rE?
o
0
0

.W
o
0
0
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TABIEm.- Ihltimled

VAJJ.JHOFlwsRmmL~ COBFFICIEKCSFORAILWHO ORIYICE

PCSITIWiSFC$lTOl?AIeFRE@JREsATI020F2!ro15

(e) Helium at taut pasition ~ (mprmnic *t)

Ormtce
Ordine.tes PreBeureccefficienta fa nacelle.-slttatalq?remmmratio HJ/POof-

78xp~ YpJ
.0.76o.a

.Oc
::E .(x
7.63.a
6.59.(%
5.55.Oc
4.51.Oc
3.L7.Oc
2.43.m
1.39.Oc

.@
-% .W

0.761.40
9.72L40
8.691.4C
7.631.40
6.591.40
5.551.40
4.511.40
3.471.40
2.431.40
1.391.40
.= 1.40
-.691.40
0.764.17
9.724.17
9.684.17
7.634.17
6.594.17
5.554.17
4.514.17
5.474.17
2.434.17
1.394.17
.354.17

3.766.$A
).726.*
3.686.9&
7.636.5#1
5.596.94
5.556.94
L516.s4
5.476.94

1.7611.11
?.p12..11
3.69J1.11
1.63ILll

2 3 4 5 6 9 10 11 3.2 13

-0.OU
..ol~

-.o~
-.004
-.oa
-.0%
.m
.l~

o
0
0
0

Q
-.o13
-.01s
-.OIZ
-.@9
-.OX
.l@l
.ly
o
0
0
0

-.W
-.009
-.o11
-.026
.035
-.O%
o
0
0
0
0

0
.o13
.072
.0S9
o
0
0
0

.Cw
o
0
0

-0.CY31
-.oq
-.coj
-.OU
-SE-j
-.oy
.044
.19

0
0
0
0

0
-.CYX
-.032
-.cn.g
-.W
-.031
.Ilg
.149
0
0
0
0
.01.2
.ml
-.015
-.@
.047
.ti
o
0
0
0
0

0
.W
.076
.m
.003
0
0
0

.012
0
0
0

-0.ml
-.oci
-.q
-.olt
-.@
-.02
.04c
.lm

o
0
0
0

0
-.m3
-.OW
-.03.8
-.024
--w
:%
o
0
0
0

.OIJ

.001
-.OE
.021
.02
.U3
o
0
0
0
0

0
.@

:%
-m
o
0
0

.o18
0
0
0

-0.03:
-.CM
-.00!
-.Oli
-.OZ
-.031
.041
.Iq
o
0
0
0

0
-S@
-.m
-.01s
-.CXX
-.041
.135
.W5
o
0
0
0

-:%
-.o~
-.oa
.043

:%3
.Cn?
o
0
0

0
.Oti
.c@2
.o~
.m
o
0
0

.015
0
0
0

-o.m
-.W5
-.009
-.o17
-.024
-:o&9

.W
o
0
0
0

0
-.0C4
-.010
-.olg
-.CE2
-mg
.107
0
0
0
0

.ti
-.m
-.U3
-.o~
.056
.093
‘.oy3
.Cd+
o
0
0
0
.016
.G93
.&7
.0Q9
o.
0
0

.m6
o
0
0

0 -O.(YI
-.m7-.@
-.012-.oq
-.015-.02s
-.0%-.03:
-.m -.@
-.043-.OU
.113.zz
.CQ1.llx
o 0
0 0
0 0

0 0
-.W -.W
-.o11-.Oq
-.018-.ols
-.om-.@
-.033-.02$
,L23.@.f
J.8 .Ig
o .@
o 0
0 0
0 0

-0.001
-.olc
-.m
-.@
-.W
-.026
-.oI.6
.I.2a
.J.59
o
0
0

0
-JW
-.o1o
-.Q9
-.020
-.oy5
.*
.ly3
.Ofi
o
0
0
-Xx)4
-.015
-.(X8
-.o18
.0G2
:2
.011
0
0
0

-.oti
.o15
.052
.m
.@S3
o
0
0,

0.0.38
0
0

O.cka
-.%
-.01:

-.024
-.W
-~

.135

.178
0
-.CQ2
o

0
-.W
-.m6
-.U
-.013
-.0!2
.ci35
.145
.W
o
0
0

-.0C4
-.o19
-.010
-.W
-.CKr2
-:%7
.014
0
D
o

-.033
.033
.051
.W
.084

)
)
)

.059

.Col
3
)

O.oof
-.OI.2
-.az
-.OM
-.~
-.IX
-.OIJ
.lk
.1%
.mz
-.002
0

.OCP
-.o13
-.ozl
-.o11
-.W
-ml
X&
.U1
.U5
o
0
0
-cd
-.015
-.002
-J?59
-.003
.089
.-
.o18
0
0
0

.004

.W

.051
J379
.101
3
D
D

.W7’

.CK14
3
3

0.C09
-.022
-.@
-.W

-:E
-.CC4
.148
.2CR
.0(!4

-cm
o

.o@
-.o18
-.020
0

-:E
.ca7
.s
.mJ
o
0
0
-.olf)
-.CHX

-:%2
-.m3
.IJ1
.m
.@3
o
0
0
.O1o
.C62
.W3
.083
.19
D
o
D
.C87
.o@
o
0

O.cq
-.W
-.OZ
.CKf
.Oq
-.I.Y
-.(3I.:
-Jz
.21.C

-:%
o

-am
-.crx
-.014
.OJJ
-.01s
-.11.7
.&s
.I.61
.22C
o
0
0

.W5
o
.O1o
.1o3
-.003
JJ93
.ol~
.ox
o
0
0

.WJ

.ti

:%
.I18
o
0
0

.093

.OI.6
o
0

-o.m$-0.olli
-.m5-.037
-.(XL6-.cxq
.017.028
-.m3-.U.5
-.133-J33
-.015-.013
JS7 .161
.218.225
-:Z -:%
o 0-

--c@-.@
-.W -.ti
-.@ 0

.026-%3-.E7
-.118-.U8

.:1%.WJ
.l-p
.241
0
0
0

.232
0
0
0

.ml -.00I
-.m9 -.o11
- .OI.8 -.022
-JJa -.W
.045.o~~

.C&
:% .&
.Oq’.CYy
o 0

-.003
.W3
.a).l

-.104
-.002

.Ws

.141

-.001
.013
0
-.1O$
-.001
.@%
.144

.048 .m
o 0
0 00 0

0 0

.Od -.CQ5

.013 .O1.1

.m .UJa

.057 .&g

.017 .m
o 0

0 0

-.wl
.C67
.05
.m
.Ial
o
0

-.022
.057

%
.W’
o
00 0

0 0

.@7 -.-7
0 0
0 0
0 0

0 0

.0% SW-J

.@
o 0
0 0

,.

. —.—-— .——. .—.



NACARML55Llj 31

m III.-CantInued

vAmEsoFRmE2mmLPRwsuREmKFF-IcIENrsFm AILWItuORIFICE

PCSIIPICFJSFORlVllAL—~ RATICZSOF2TO15

(f)AlrattestpodtlmIb (mdcedt)

Orfiice
orclim.tes

Freasure coefficientsfor m ~t tot.fd-~smru ratio H~/POOf–

=PJ YpJ 6 7 8 9 10 U 1.2 13 14 u

0.760.00-0.mlo -::m&-o.cK13-0.0Q5-0.0s9-0.01.3-::% -ylJ -0.om
.CK1-.W -.013 -.022

::Z .a)-.017
-.= -.@7 ::=?J

-.o17 -.024
-w

-.020 -.024-.OI.7 .Om .O1-6.027
7.63 .m -.OX -.032-.oyJ-.022-.o1o .Op .045 .m6
6.59 .Cxl-.043-.a29-.013.cm .003-:% -:% -.2% -.232“ -.237
~:;: :~ ::% ::% ::% ::~ -k: ::~ ::% ::g ::% ~:g
3.47 .CK1.124 .ly3 .135 .142 .148 .1* m; :$ .- .l~
2.43 .Cm .L24 .2LL .242 .269 .274 .a7 .3U
1.3 .m 0 .003 .w13 .003 .W3 .WQ .(X)3.0c3 .W :Z.m 0 0
,:$ .000

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0

0.7’61.400 .003-.W -.W -.m -.@% -.013-.U -.o13-.013
9.721.40-.012.O11-.OIE-.023-.025-.024-.0E2-.olg-.o11-.m
8.691.40-.015-.o1>-.ola-.022-.019-.010.W .Ou .Cel .Oy?
7.631.40-.Cc24-.028-.022-.o11-.oo1.014 .024 .@ -.OI.8-.X%
6.591.40-.ozg-.m -.oogo -.m -.185,.19 -.lg3-.ls -.W5
~:;~;:: -:% -:% -:&l -:&w -:=& -:% -:$; -:g -::; -:%
3.471.40 .lfl .146 .1* .I.61.s .Ocq .l~ .182 .M!6 .lgo
2.431.40 .- .104 .237 .273 .= .X7 .m .XfJ .335 .543
1.391.400 0 0 0 0 0 0 0 0 .Cm
.351.400 0 0 0 0 0 0 0 0 0
-.691.400 0 0 0 0 0 0 0 0 “o

1).7’64.17-.CQ5o -.W -.~3 -.017-.~ -.QW -.~ .@+ .o15
9.724.17-.o13-.013-.OU dg -.CW -.Cdl .@+ .CwJ .010
8.684.17-.026-.OI.9-.OI.3 -.a)7-.&l -.llg-.170-.182-:%
7.634.17-.ola-.@ -.(W--—— —-— --—- ,-----—-— -—- -—-
6.594.17-.oq -.OX -.oy3-::3$-:o& -.oyl-:m&
5.554.17 .072 .075 ;% .Cm

-:% -:Jxg-:%
;.~ :.;; .130 .147 .147 .151 .1* S60 .ti

.0c4 .Oql .0260.076.146 .J16 :% :% .W q-a
2:434:170 0 0
1.394.170

0. 0 0 0 0 0
0 0 0 0 0 0 0 0 0

.yJ4.170 0 0 0 0 0 0 0 0 0

.0.%6.9+-.014-.m -.m -:%7 -@53 --l@ -.12 -J% -:12 -.1429.726.94 .Olg .049 .ci35 .@ .@ .@ .@
8.686.94 .O* .033 .032 .032 .031 .031 .031 :gl .032 .oy2
7.636.91 .Cq3 .07’5.076 .o~

:% .@
.0’79.~ .cf33.&P+

.059 .~ .~ .137 .143 .M2
;:;;%? o

.145 .146 .147
0 0 .073 .~ .13

4.516.* o
.147 .*

o 0 0 0 0 0 .010
3.476.940 0

.O1o .Ceo
o 0 0 0 0 0 0 0

.o.fl11.11.dl .0g2 .W .W .104 .lCA .ld+ .I.07.llx
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